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ABSTRACT
Some aspects of the taxonomy and biology 
of the fish family Teraponidae
Detailed studies of sagittal structure, with scanning 
electron micrographs, have produced a familial definition,
11 generic diagnoses and comprehensive specific descriptions 
as well as diagnoses for sagittal series of 19 teraponid 
species. Substantial intraspecific variation in shape, sulcal 
features and marginal ornamentation has been observed but 
suggested plesiomorph features are: an elliptical shape; 
short ostium and longer narrow cauda with a short gradual 
ventral posterior curvature; minimal marginal ornamentation. 
Numeric analyses of phenetic structural variation in sagittae of 
six berycoids, one scorpaenoid, 21 outgroup percoids and the 
teraponids have not clarified inter- or intrafamilial relation­
ships to any degree, but some interesting points have been 
raised. Leiopotherapon unioolor and Pelsartia humeralis are 
repeatedly demonstrated to be divergent from each other and 
from other teraponids; Bidyanus 3 two Scortum and Pingalla 
species are closely associated but Soortum barooo appears 
more similar to Hephaestus fuliginosus. As no conspicuous 
distinguishing attributes have been elucidated it has been 
impossible to compile workable generic or specific sagittal 
keys so the utilization of sagittal structure for species 
delineation in Teraponidae is considered limited.
Electrophoretic testing for genetic variation in 
seven teraponid species shows that allele fixation is high
and heterozygosity values relatively low; polymorphism 
levels are comparable to those in other fishes. Distance 
values duplicate sagittal phenetic similarity - grouping 
Hephaestus ^ Bidyanus and Seortum species; very slight 
divergence separates Seortum hillii and Seortum parviceps 
whereas 5. bareoo is more distinct and grouped with H. 
fuliginosus.
Investigations of morphometric, meristic, chromatophore 
and alimentary canal features of two Hephaestus and four 
Seortum species indicate that Hephaestus suavis is not valid, 
that the synonomy status of Seortum ogilbyi should be changed 
and that the postulated designation of S. bareoo is correct. 
Hephaestus earbo and H. suavis populations cannot be separated; 
it is concluded that the latter species has been described 
from juvenile H. earbo specimens and should be placed in synonomy. 
North-east Coast S. hillii and S. parvieeps are shown to be 
distinct both from each other and from Gulf Seortum ogilbyi and 
Lake Eyre S. bareoo populations; however, the last two pop­
ulations cannot be separated and the specific epithet "ogilbyi" 
should therefore be placed in S. bareoo synonomy. Intestinal 
convolution pattern and dentition confirm the assignation of 
"bareoo" to Seortum. A possible geological-topographical 
pattern for initial invasion, dispersal, isolation and sub­
sequent divergence of Seortum stocks is suggested.
Reproduction in the family is demonstrated to be 
relatively unspecialised; reasons for this situation resulting 
from past conditions, current stream conditions and wide physio­
logical tolerance are briefly discussed. Teraponids are dioecious 
and oviparous with minimal sexual dimorphism; urogenital papilla 
enlargement in L. unicolor3 H. fuliginosus and Bidyanus bidyanus
is considered to be a requisite secondary sex character. The 
external fertilization generally involves large numbers of 
demersal non-adhesive, demersal adhesive or semi-pelagic eggs; 
the only fluviatile species with the latter egg type represent 
the more derived Bidyanus and Scovtum groups, largely restricted 
to one stream type. There is no parental care and development 
is rapid: incubation takes between 24 and 50 h; postlarval 
development commences after four to six days; metamorphosis 
occurs three to four weeks after spawning.
Some marine species appear to spend extended periods 
in freshwaters but no anadromy or catadromy has been developed. 
Marine species apparently need relatively shallow waters, 
temperatures exceeding 20°C, substantial salinities and rocks 
or cover for successful spawning; some local migration to 
river mouths or estuarine shallows occurs. Australian 
fluviatile species require limited temperature ranges, fluct­
uating water levels, flow, specified photoperiodicity, food 
abundance and a chemical associated with soil. Prespawning 
migrations of varying magnitude occur and spawning involves 
schools of 50-100 adults in protracted activities. The annual 
spawning season may be brief or extended and may involve two 
or more partial spawnings during the warmer months.
The only reproductive specialization detected is the 
apparent reaction to soil chemicals by 3. bidyanus. The 
existence of an olfactory mechanism in teraponid reproduction 
is postulated. Possible origins of natural soil-associated 
chemical stimuli are discussed; three types of chemical 
mechanism involving long and short term changes in soil 
compound concentrations and endogenous short range pheromones 
are suggested.
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GENERAL INTRODUCTION
Species of the family Teraponidae, commonly known as 
grunts, grunters or trumpeters, include euryhaline marine 
species as well as purely fluviatile forms. The familial 
distribution is restricted to the Indo-Pacific area (Munro,
1967: 320) extending from the Red Sea and Eastern African 
Coast over the whole of the Malay Archipelago and Australasia 
to many groups of islands in the Pacific (Whitley, 1943;
Sterba, 1973: 616). About 89% of teraponid species occur 
in Australasian waters.
The family is especially important in Australia as 
the northern areas of the continent have been the site of a 
major radiation into freshwaters; 22 of the 32 fluviatile 
species occur here. A number of species are widespread, 
abundant and, singly or collectively form a major component 
of the local ichthyofauna. Some larger species form the 
basis of recreational fisheries, especially in lotic environ­
ments .
A number of workers agree that teraponids probably 
arose in late Cretaceous or early Tertiary times from marine 
ancestors (Berg, 1947: 472; Greenwood et at3 1966: 391; Lake
1971: 7), and recent studies based on preserved Museum material 
by Mees and Kailola (1977), Vari (1978) and Vari and Hutchins 
(1978) have resulted in forty-four species assigned to fifteen 
monophyletic groups, being recognised (Table 1.). Twelve 
species were described for the first time between 1976 and 
1978. The studies just mentioned were analyses of a variety 
of morphometric, meristic, osteological, myological, alimentary 
tract and chromatophore features; however, they did not include
- 2 -
TABLE 1. Summary of the division, nomenclature and.distribution data 
for all species of the family Teraponidae.
Genera are listed in the postulated cladistic 
sequence from the more generalised to more derived forms.
Under specific names the name(s) of the author(s) who 
first described them is/are included in parentheses. New 
genera erected by Vari (1978) are asterisked.
The Australian drainage division system used is 
that illustrated in Figure 1. The two drainage divisions 
in New Guinea are arbitrarily designated Northern and 
Southern with respect to the central mountain range.
Habitats are categorised as: brackish (Br.); 
freshwater (FW) ; marine (Mar.). Where a species extends 
into more than one habitat, the principal or breeding 
habitat is listed first.
This table is based on the findings of: Mees and 
Kailola (1977); Glover and Sim (1978); Lake (1978);
Vari (1978); Vari and Hutchins (1978).
Genus, Species Habitat and Geographic Range
Leiopotherapon 
L. unicolor 
(Günther, 1859)
L. plumbeus
(Kner, 1865)
L. aheneus
(Mees, 1963)
L. macrolepis
(Vari, 1978)
Armiataba
A. caudavittatus
(Richardson,' 1844)
FW., Br. Widespread in northern half of 
Australia. In coastal and internal drainages 
from S.E. Qld. to W.A.
FW. Limited. Two islands of Philippines.
FW. Restricted. Indian Ocean drainage division.
FW. Restricted. Timor Sea drainage division.
Mar.,Br.,FW. Widespread along northern 
Australian coasts from S.W. W.A. to E. Qld., 
southern New Guinea.
A. percoides 
(Günther, 1864)
FW.,Br. Widespread in northern half of 
Australia. In costal and internal drainages 
from S.E. Qld. to W.A.
A. affinis FW. Restricted. Southern New Guinea.
(Mees and Kailola, 1977)
Hannia*
H. greenuayi FW. Very restricted. Timor Sea drainage
(Vari, 1978) division.
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TABLE 1 (Continued)
Genus, Species Habitat and Geographic Range
"Tevapon"*
"T" jamoevensis 
(Mees, 1971)
FW. Very restricted. Southern New Guinea.
"T" lacustvis 
(Mees and Kailola,
FW. Restricted. Southern New Guinea.
1977)
Lagusia*
L. miovaoanthus 
(Bleeker, 1860)
FW. Restricted. Southern penisula of Sulawesi 
(Celebes).
Pelotes
P. quadvilineatus 
(Bloch, 1790)
Mar.,Br. Widespread. Coasts of east Africa, S.E. 
Asia, East Indies, Japan, New Guinea, Australia.
P. sexlineotus 
(Quoy and Gaimard,
Mar. Widespread. East Indies, north to. China, 
1824) New Guinea, Australia.
Tevapon 
T. jarbua 
(Forskfl, 1775)
Mar.,Br.,FW. Widespread. Coasts of east Africa, 
east to Samoa, north to Japan, Australia.
T. puta 
(Cuvier, 1829)
Mar.,Br.,FW. Widespread. East coast of Africa, 
east to New Hebrides, north to Japan, Australia.
T. thevaps 
(Cuvier, 1829)
Mar.,Br.,FW. Widespread. East African coast to 
New Hebrides, north to Japan, northern 
Australia.
Pelsavtia 
P. humevalis 
(Ogilby, 1899)
Mar. Widespread. Southern Australian coasts.
Rhynoopelates 
R. oxyvhynchus Mar.,Br.,FW. Widespread. Philippines, China, Japan.
(Temminck and Schlegel 
1842)
Mesopvistes 
M. avgenteus 
(Cuvier, 1829)
Mar.,Br.,FW. Widespread. East Indies, New Guinea, 
northern Australia.
M. oancellatus 
(Cuvier, 1829)
Mar.,Br.,FW. Widespread. East Indies, New Guinea, 
Solomons, Normanby Is.
M. elongatus 
(Guichenot, 1866)
Mar.,Br.,FW. Limited. Madagascar.
M. knevi 
(Bleeker, 1873)
Mar.,Br.,FW. Limited. Fiji Islands.
Hephaestus
H. fuliginosus 
(Macleay, 1883)
FW. Widespread in northern Australian coastal 
drainages from E.Qld. to N.W. W.A., Southern New 
Guinea.
H. tvimaculatus 
(Macleay, 1883)
FW. Limited. Southern New Guinea.
H. vo erne vi 
(Weber, 1910)
FW. Restricted. Southern New Guinea.
H. oavbo FW. Limited. Gulf of Carpentaria, Timor Sea
(Ogilby and McCulloch, drainage divisions 
1916)
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TABLE 1 (Continued)
Genus, Species Habitat and Geographic Range
Hephaestus 
H. adamsoni 
(Trewavas, 1940)
FW. Very restricted. Southern New Guinea.
H. jenkinsi 
(Whitley, 1945)
FW. Limited. Timor Sea drainage division.
H. suavis 
(Whitley, 1948)
FW. Restricted. Gulf of Carpentaria drainage 
division.
H. obtusifrons
(Mees and Kailola, 1977)
FW. Restricted. Northern New Guinea.
H. raymondi
(Mees and Kailola, 1977)
FW. Very restricted. Southern New Guinea.
H. transmontanus 
(Mees and Kailola, 1977)
FW. Limited. Northern New Guinea.
H. epirrhinos 
(Vari and Hutchins, 
1978)
FW. Very restricted. Timor Sea drainage division
Bidyanus 
B. bidyanus 
(Mitchell, 1838)
FW.,Br. Widespread. Murray-Darling and eastern 
Lake Eyre drainage divisions.
B. welehi
(McCulloch and Waite, 
1917)
FW. Widespread. Lake Eyre, Bulloo-Bancannia 
drainage divisions.
Saortum 
S. hillii 
(Castelnau, 1878)
FW.,Br. Limited. North-east Coast, Gulf of 
Carpentaria drainage divisions.
S. parviaeps 
(Macleay, 1883)
FW. Very restricted. North-east Coast drainage 
division
S. bavcoo
(McCulloch and Waite, 
1917)
FW. Widespread. Lake Eyre and Bulloo-Bancannia 
drainage divisions.
Pingalla 
P. lorentzi 
(Weber, 1910)
FW. Limited. Southern New Guinea.
P. gilberti 
(Whitley, 1953)
FW. Restricted. Gulf of Carpentaria and Timor 
Sea drainage divisions.
Synoomistes*
S. butleri 
(Vari, 1978)
FW. Limited. Timor Sea drainage division.
S. kirrbevleyensis 
(Vari, 1978)
FW. Very restricted. Timor Sea drainage division
S. trigonicus 
(Vari, 1978)
FW. Limited. Timor Sea drainage division.
S. vastellus 
(Vari and Hutchins, 
1978)
FW. Very restricted. Timor Sea drainage division
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Figure 1. Selected major geographical drainage features of 
the Australian continent.
Existing drainage system boundaries are
indicated by broken lines. Drainage divisions are:
1. North-east Coast 7. Indian Ocean
2. South-east Coast 8. Timor Sea
3. Tasmanian 9. Gulf of Carpentaria
4. Murray-Darling 10. Lake Eyre
5. South Australian Gulf 11. Bulloo-Bancannia
6. South-west Coast 12. Western Plateau
This composite illustration is adapted from Lake (1978).
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investigations of sagittal structure or protein variation 
as fresh material was unavailable.
Some inter- and intra-familial relationships remain 
unresolved. Although Vari found four derived characters that 
defined Teraponidae, he was unable to determine the closest 
relatives despite extensive out-group comparisons with other 
perciform families. Furthermore the numbers of specimens 
available of some Australian fluviatile species were so small 
that some findings concerning species delineation were con­
sidered tentative pending investigations of intra-populational 
variability. Among a number of uncertain specific relation­
ships the validity of Hephaestus suavis and status of Scortum 
barcoo have yet to be confirmed.
The aspect of teraponid biology about which most is 
published and there is greatest interest, is reproduction.
Studies on Leiopotherapon plumbeus (Mane, 1934), L. unicolor 
(Llewellyn, 1973), Terapon theraps (Zvjagina, 1965), Hephaestus 
fuliginosus (Merrick and Midgley, 1976), Bidyanus bidyanus 
and B. welchi (Lake, 1967b>o; Merrick and Midgley, 19 76) , have 
provided considerable information about influences on spawning and 
the basic development pattern and stages.
The objectives of this study are: to clarify inter- 
and intra-familial . relationships among extant Australian 
teraponids; to investigate the potential of sagittal structure 
as a key identification tool within the family; to invest­
igate spawning influences, reproduction and development in 
Australian teraponids; to assemble all data on reproduction 
and development in Teraponidae and attempt to elucidate 
reproductive strategies, related to evolution, among the 
species studied to date.
As the aspects of this study are diverse, each facet
- 8-
is presented as a whole section within the thesis.
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OTOLITHS
Introduction and Historical Review
The family Teraponidae is one of approximately 200 
families - over 6,000 species - included in the order 
Perciformes (Berg, 1947: 472-490; Greenwood et al 3 1966:
390; Rosen, 1973). Whilst considerable confusion still 
surrounds perciform taxonomy in general there are some 
points of agreement. For example: a number of workers concur 
that the order Perciformes is polyphyletic with diverse 
origins from propercoid stocks (Patterson 1964; Greenwood 
et al3 1966; Rosen, 1973); it is acknowledged that ancestral 
percoids underwent major divergence and radiation during 
early Tertiary (Romer, 1967: 62, 67-69, 329; Gosline, 1971: 
150, 159; Rosen, 1973; Greenwood, 1975: 361, 377); it is 
accepted that a number of families such as Centropomidae, 
Percichthyidae, and Carangidae comprise basal percoids 
whereas others such as Kyphosidae, Scorpididae and 
Teraponidae comprise more recent derived forms (Freihofer, 
1963; Gosline, 1966; Rosen, 1973).
Vari (1978) defined Teraponidae on four derived 
characters: a transversely divided swimbladder; an extrinsic 
swimbladder muscle; the form of the urohyal; the form of 
the third pharyngobranchial. Vari's investigations did not 
indicate the closest relatives but substantially clarified 
relationships within the Teraponidae. Relationships of 
Amniataba3 Hannia and "Terapon" to each other and all genera 
except Leiopotherapon still have to be resolved, as have 
the relationships of Hephaestus3 Bidyanus3 Seortum3 Bingalla} 
and Synoomistes to each other. Vari (1978: 224) also con­
sidered that several dichotomies based solely on a single
- 10-
character posed outstanding questions. At the species 
level Vari's conclusions concerning the status and validity 
of Amniataba affinis, "Terapon" lacustvis, Hephaestus
transmontanus, H, obtusifrons, H. raymondi, H. suavis and 
Scortum bavcoo were tentative, due to the small amount of 
material available.
In view of: the outstanding problems summarised above; 
the acknowledged conservative nature of structures related 
to the nervous system, being minimally influenced by environ­
ment (Frizzell and Dante, 1965); the acknowledged potential 
of otoliths as taxonomic tools (Frost, 1925, a9 b> 1927;
Adams, 1940); unpublished preliminary studies, by the author, 
indicating sagittae to be useful for distinguishing some 
teraponid species; availability of limited fresh material; 
it was decided to undertake detailed structural analyses 
of as many teraponid sagittae as possible as well as those 
of selected outgroups.
Studies by Adams (1940), Frizzell and Lamber (1962), 
Frizzell and Dante (1965), Hecht (1978) and Hecht and Hecht 
(1978) - on other families - have resulted in the establishment 
of a detailed morphological terminology and a general format 
for comprehensive descriptions. A systematic basis for the 
analysis of differences in individual structural features with 
respect to taxonomic hierarchies has thus been provided.
With the exception of the author’s studies mentioned 
above, no information on teraponid otoliths is available; 
indeed these structures are not mentioned in the teraponid 
literature surveyed. The investigations reported here had 
four principal initial aims. Firstly, to investigate inter- 
and intra-familial relationships of Teraponidae by comparing 
phenetic sagittal structural variation in six berycoids (four
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families), one scorpaenoid, 21 outgroup percoids (nine 
families) and 19 teraponid species representing 11 genera 
with previously postulated associations based on other 
characters. Secondly, to provide complete and comprehensive 
descriptions of teraponid sagittae to ascertain familial 
features and form the basis for further work. Thirdly, 
to document structural growth changes in teraponid sagittae 
so as to minimise taxonomic confusion caused by structural 
variability. Fourthly, to assess the potential of sagittal 
structure for identification of Teraponidae either at 
generic of specific levels.
Materials and Methods
Extracted sagittae, from freshly caught or frozen 
specimens, were immediately washed in water, separated from 
attached tissues and stored dry; sets photographed were 
mounted dry on double-sided adhesive tape affixed to aluminium 
stubs or discs and thinly coated with gold for scanning 
electron microscope examination. Descriptions and diagnoses 
were based on previous formats (Frizzell and Dante, 1965;
Hecht and Hecht, 1978); however, a more complete and com­
prehensive form of description has been developed. Both 
teraponid and outgroup species have been analysed for 41 
structural features.
Terminology is adapted from Dante and Frizzell (1965) 
and Hecht (1978). Maximum heights (h) and lengths (1) were 
measured using dial calipers to the nearest 0.05 mm; with 
complete sets the ratio (h/1) was calculated by dividing 
the mean height of both sagittae by the mean length. Very 
limited material of Mesopristes argenteus necessitated length 
estimates of damaged sagittae.
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Sagittal Structure - Character States and Abbreviations
Sagittal features examined and rated are shown in 
Figure 2.
Sagittal size has been arbitrarily classified 
according to maximum length - or in Diretmus paucivadiatus 
depth - as follows: up to 4.00 mm, small (S); between 
4.00 and 8.00 mm, medium (M); above 8.00 mm large (L).
Curvature is the longitudinal configuration of the 
lateral then medial surfaces; cancavo-convex (Cc-Cv), 
plano-convex (Pl-Cv) or less frequently biconvex (Bi.c) .
Sagittae are described as low (Low) when **/i ratios 
do not exceed 0.50; all sagittae with ratios between 0.50 
and 1.00 are described as high (H); sagittae that are 
higher than long (Htl) have ratios exceeding 1.00.
Maximum height and depth are described as anterior 
(Ant) , posterior (Pos) or adjacent to the vertical midline 
(V) .
Ventral caudal curvature states are defined as 
follows: short (Sho) when curved portion is less than half
caudal length, long (Lon) when curved length exceeds this; 
sharp (Sha) when the estimated angle between the mid curve 
region and horizontal longitudinal axis of the anterior cauda 
exceeds 45°; gradual (Gra) when the angle described above 
ranges between 10-45°; slight (Sli) when curvature can just 
be detected.
Dorsal and ventral areas are defined as narrow (Nar) 
when area length is over five times the width.
The cauda is defined as wide (Bro) when the average 
groove width exceeds one fifth of the maximum width. The 
ostium is defined as wide if its maximum width exceeds half 
of the sagittal width.
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(q ) DORSAL MARGIN
CRISTA SUPERIOR 
POSTERIOR COLLICULUM
POSTERO-DORSAL 
ANGLE (DOME
POSTERO-DORSAL 
MARGIN
POSTERIOR ANGLE OR 
POST-VENTRAL 
CORNER
POSTCAUDAL TROUGH 
OR GROOVE
POSTERO-VENTRAL MARGIN
CRISTA INFERIOR 
POSTERO-VENTRAL ANGLE
DORSAL GROOVE
ANTERO-DORSAL ANGLE
ANTERO-DORSAL MARGIN 
ZSTHMUS 
COLLUM
ANTI-ROSTRUM 
EXCISURA OSTII 
EXCISURAL SURFACE
EXCISURAL 
DEPOSITS
ROSTRUM
ANTERIOR 
COLLICULUM
VENTRAL AREA
VENTRAL MARGIN
ANTERO-VENTRAL 
MARGIN
ISTHMUS
ANTERO-VENTRAL ANGLE
DORSAL RIDGE THICKENING
Figure 2. Diagrams of sagittal surfaces, anterior end to the right 
Adapted from Frizzell and Dante (1965) and Hecht (1978). 
(a) Medial surface of left sagitta, (b) Lateral surface 
of right sagitta.
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States Ornamentation and Texture
A — absent C - crenulate
Con - conspicuous Cre - crenate
Dis - distinct D - dentate
Not — feature not measured, Den - denticulate
observed, could be 
present I - irregular
P - present Lob - lobed
Shape Pin - pinnatifid
Acu - acute R - roughened
E - elliptical Ser - serrulate
Fla - flat, no inflation Sin - sinuate
Inf - inflated Smo - smooth
Lan - lanceolate U - uneven
Obo - obovate Smo. Cen. - smooth centrally,
Obt - obtuse R. Per. roughened periphe:
Ova - ovate Sulcal opening
Pen - pentagonal Med - medial
Rho - rhomboid Oca - ostio-caudal
Spa - spathulate Ops - ostial-pseudocaudal
T - trapezoidal Ost - ostial
Tri - triangular Sulcal type
Thickening B - bicristial
Ann - annular, peripheral Med - medial
Cen - central body PsB - pseudobicristial
Cen.Pos - ridge from body
to posterior angle
DCP - ridge from dorsal to 
body to posterior 
angle
Dor - dorsal ridge
Hor - horizontal midline 
ridge, rostrum to 
posterior angle
Collicula 
Het - heteromorph 
Horn - homomorph 
Posterior angle margin 
N - notched
Unn - unnotched
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Thickening
Ven. Ros - ridge from ventral 
to body to rostrum
Growth
A qualitative analysis of individual structural modifications 
apparently associated with growth was undertaken and a regression 
analysis with t-test, on combined data, has been used to demon­
strate the relationship between h/1 ratios and standard length 
(SL) .
Material Examined
The order of family listings follows that of Greenwood et al 3 
(1966) with modifications to the familial status of Ambassidae 
and Percichtbyidae based on more recent studies (Greenwood, 1976; 
MacDonald, 1978) . Full collection details of all specimens 
examined are included in Appendix 5. Details of geographic 
localities are summarised below into the coastal regions or 
drainage divisions; division names are those used by Lake (1978) 
and listed in the Figure 1 legend.
Order Beryciformes
Polymixiidae: Polymixia japonioa3 2(80.0, 110.0 mm) N.S.W. coast.
Diretmidae: Diretmus pauoiradiatus3 2(230.0, 234.0 mm) Victorian
coast.
Berycidae: Beryx deodaotylus3 1(400.0 mm) N.S.W. coast; Beryx
splsndens3 2 (130.0, 150.0 mm) N.S.W. coast; Centroberyx 
affinis3 24 (size range unknown) N.S.W. coast.
Holocentridae: Holocentrus mayor, 1(187.0 mm) N.S.W. coast.
Order Scorpaeniformes
Platycephalidae: Platycephalus fusous3 2(333.0, 340.0 mm) N.S.W.
coast.
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Order Perciformes
Ambassidae: Priopidichthys marianus 3 2 (sizes unknown) Sydney.
Centropomidae: Psammoperect waigensis 1 (size unknown) Timor
Sea Division.
Serranidae: Acanthistius serratus3 5 (150.0-220.0 mm) N.S.W.
coast; Caesioperca lepidoptera3 1 (238.0 mm) N.S.VJ. 
coast; Ellerkeldia annulata3 1(170.0 mm) N.S.W. coast; 
Epinephelus undulato striatus 3 1 ( 295.0 mm) N.S.VJ. 
coast; Ostracoberyx sp. 1(98.0 mm) N.S.W. coast; 
Polyprion oxygenios 3 l(size unknown) N.S.V7. coast. 
Percichthyidae: Maccullochella peeli3 2(103.5, 261.0 mm) South­
east Coast Division; Macquaria ambigua3 1(310.0 mm TL) 
North-east Coast Division; 1(340.0 mm) Murray-Darling 
Division; Macquaria australasica3 1(88.5 mm) Murray- 
Darling Division; 5(127.0-306.0 mm) South-east Coast 
Division; Macquaria novemaculeatus3 3 (74.5-195.0 mm)
South-east Coast Division.
Plesiopidae: Paraplesiops bleekeri3 1(199.0 mm) N.S.W. coast.
Teraponidae: Leiopotherapon unicolor3 8(124.0-197.0 mm) North­
east Coast Division; 12(56.5-155.5 mm) Murray-Darling 
Division; 3(83.0-157.0 mm) Lake Eyre Division;
Amniataba caudavittatus3 15 (61.5-238.0 mm) W.A. Coast; 
Amniataba percoides3 10(41.5-134.0 mm) North-east 
Coast Division; 4(43.0-143.0 mm) Timor Sea Division; 
Pelates quadrilineatus3 4(115.0-120.0 mm) north Old.
coast; 6(42.5-66.0 mm) N.S.W. coast; Pelates sexlineatus3 
3(115.0-120.0 mm) north Old. coast; 6(57.0-198.0 mm), 
south Qld., N.S.W. coasts; Terapon puta3 4(98.0-115.0 
mm) north Qld. coast; Terapon theraps3 7(133.0-195.0 
mm) north Qld. coast; Pelsartia humeralis , 3(220.5-
275.0 mm) S.A. coast; Mesopristes argenteus3 1(~80.0 
mm) North-east Coast Division; Hephaestus fuliginosus3 
11(176.0-281.5 mm) North-east Coast Division; 6(129.0-
288.0 mm) Timor Sea Division; 5(145.0-275.0 mm) Gulf 
of Carpentaria Division; Hephaestus carbo, 4(90.0-160.0 
mm) Gulf of Carpentaria Division; Bidyanus bidyanus3 
1(352.5 mm) South-east Coast Division; 20(152.5-381.0 
mm) Murray-Darling Division; Bidyanus welchi3 19(100.0-
250.0 mm) Lake Eyre Division; Scortum hillii3 7(141.5-
280.0 mm) North-east Coast Division; Scortum parviceps3
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14(131.0-286.5 mm) North-east Coast Division;
Scortum barooo3 14 (165.0-228.5 mm) Lake Eyre 
Division; Pingalla lorentzi3 3(68.0-99.5 mm) 
North-east Coast Division; Pingalla gilbevti3 
10(58.0-92.5 mm) Timor Sea Division; Syncomistes 
butleri3 10(110.5-276.0 mm) Timor Sea Division.
Pomatomidae: Pomatomus saltatrix3 6(250.0-330.0 mm) N.S.W.
coast.
Gerreidae: Gerres ovatus3 4(67.0-116.0 mm) N.S.W. coast.
Lethrinidae: Lethrinus nebulosus3 1(270.0 mm) N.S.W. coast.
Sparidae: Aoanthopagrus australis3 3(193.0-217.0 mm) N.S.W.
coast; Chrysophrys auratus3 3(203.0-212.5 mm) N.S.W. 
coast; Rhabdosargus sarba3 3(49.0-73.0 mm) N.S.W. 
coast.
Kyphosidae: Girella triouspidata3 6(207.0-252.0 mm) N.S.W. 
coast.
Gobiidae: Cryptocentrus oristatus3 2(59.0, 86.0 mm) N.S.W.
coast.
Results
Teraponidae
Sagittal Data
All data from teraponid sagittae are summarised in 
Appendix 1. (Table 10): this information forms the basis for 
compilation of the teraponid sagitta description, generic 
diagnoses and specific descriptions which follow.
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Description of Teraponid Sagitta
Sagitta medium to large (in mature individuals), 
elongate, elliptical to lanceolate, several species trapezoidal, 
concavo-convex, usually low, maximum height adjacent to the 
vertical midline or anterior to it, maximum depth usually at 
the vertical midline.
Postero-dorsal and dorsal margins smooth to lobed, 
antero-dorsal margin most frequently smooth or uneven. Anti­
rostrum and excisural ostium distinct; excisural surface 
irregular; rostrum distinct. Antero-ventral, ventral and 
postero-ventral margins smooth to lobed; posterior angle 
acute, less frequently obtuse, and usually unnotched.
Medial surface inflated, smooth centrally roughened 
peripherally. Sulcus acusticus bicristial, occasionally one 
crista conspicuous, heterosulcoid, opening always ostial 
but sometimes pseudocaudal; collicula (1 or 2) are homomorph; 
long sulcus divided into short to long narrow ostium and 
longer or equal narrow cauda with a short gradual posterior 
ventral curvature. Short, shallow post-caudal trough 
usually present. Dorsal area smooth or slightly roughened, 
usually narrow; ventral area broad and smooth.
Lateral surface concave, entirely smooth or smooth 
centrally and roughened peripherally by concentric ridging 
and radiate rugae. Ostial groove varies in length and depth, 
may be distinct; when present, postero-dorsal cleft shallow, 
poorly defined. Ventral and antero-ventral processes are 
usually present and ridge thickening may be present in four 
different positions. Thickening is discussed in detail in 
the subsequent growth section.
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Generic and Specific Diagnoses
Photographs of sagittal sets of 18 species are 
depicted in Plate 1; the Mesopristes argenteus sagittae 
are illustrated in Figure 3 . Where only one generic 
representative was examined a generic but no specific 
diagnosis is included.
Genus Leiopotherapon 
Leiopotherapon (Fowler, 1931 : 353)
Type - species: Therapon unicolor (Günther, 1859 : 277) 
Sagitta up to 8.50 mm in length, obliquely elliptical to 
lanceolate, sulcus with a short tapered ostium and longer 
cauda; caudal width increasing to maximum at ventral curv­
ature - groove acutely tapered to a shallow post-caudal 
trough. Marginal ornamentation minimal, although variable 
not deeply indented. Lateral surface may bear a shallow 
ostial groove or postero-dorsal cleft and thickening in a 
dorsal ridge.
Genus Amniataba 
Amniataba (Whitley, 1943 : 183)
Type - species: Datnia? caudavittata (Richardson, 1844 : 24) 
Sagitta less than 8.00 mm in length, elliptical, trapezoidal 
or lanceolate. Sulcus with a short to long ostium and long 
cauda; caudal width increases regularly to a maximum as 
ventral curvature commences; sulcus acutely tapered to a 
shallow post-caudal trough. Marginal ornamentation not 
extensive, restricted to postero-dorsal processes. Lateral 
surface bears distinct ostial groove which may bisect 
sagitta with postero-dorsal cleft; ventral concavity and 
dorsal ridge thickening are present.
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AmvSataba oaudavittatus (Richardson, 1844 : 24)
Sagitta up to 7.50 mm in length, lanceolate; sulcus is 
ostial-pseudocaudal with a long ostium and equal broad 
cauda; dorsal margins exhibit up to several acute processes. 
Lateral surface distinctly concave ventrally; dorsal ridge 
thickening.
Amniataba perooides s (Günther 1864 : 374)
Sagitta up to 5.45 mm in length; elliptical to trapezoidal; 
sulcus with a short ostium and long narrow cauda; ornamen­
tation restricted to rounded processes posteriorly, postero- 
dorsal angle may be prominent. Lateral surface dorsal 
ridge thickening in larger specimens.
Genus P&lates
Pelates (Cuvier, 1829 : 146)
Type - species: Holoaentrus quadvilineatus (Bloch, 1790 : 82) 
Sagitta less than 8.00 mm in length, obliquely lanceolate; 
sulcus with a short to long but narrow ostium and equal or 
longer cauda; marginal ornamentation extensive but not deeply 
indented. Lateral surface divided at vertical midline by 
dorsal cleft; bears radiate rugae anteriorly.
Pelates quadvilineatus (Bloch, 1790 : 82)
Sagitta up to 4.40 mm in length; sulcus is ostial-pseudocaudal 
with a long ostium and equal narrow cauda; maximum depth 
anterior or at vertical midline. Lateral surface bears 
shallow postero-dorsal cleft, no thickening.
- 21-
Pelates sexlineatus (Quay and Gaimara 1824: 340)
Sagitta up to 7.75 mm in length; sulcus is ostial with a 
short ostium and longer broad cauda; maximum depth 
posterior to vertical midline. Lateral surface bears no 
postero-dorsal cleft, thickening extends from the central 
body to posterior angle.
Genus Terayon
Terapon (Cuvier, 1817 : 295)
Type - species: Soiaena jarbua (Forskal, 1775 : 12)
Sagitta less than 8.00 mm in length, obliquely or regularly 
lanceolate; sulcus with a short narrow ostium and longer 
cauda; marginal ornamentation largely restricted to postero- 
ventral and dorsal margins. Lateral surface ostial groove 
of varying prominence, may be conspicuous; dorsal ridge 
thickening.
Terapon puta (Cuvier, 1829: 131)
Sagitta up to 4.80 mm in length, low; ostial sulcus with 
a narrow cauda curved ventrally over most of its length 
and terminating adjacent to postero - ventral margin; 
excisural ostium present; posterior angle acute and dorsal 
area narrow.
Terapon theraps (Cuvier, 1829: 129)
Sagitta up to 5.45 ram in length; ostial-pseudocaudal sulcus 
with a broad cauda with a short ventral curvature; excisural 
ostium conspicuous; posterior angle obtuse and dorsal area
broad.
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Genus Pelsartia
Pelsartia (Whitley, 1943 : 183)
Type - species: Thereupon humeralis (Ogilby, 1899 : 177) 
Sagitta up to 9.45 mm in length, irregularly trapezoidal, 
low; sulcus divided into a broad open ostium from a long 
rostrum, and longer broad cauda which attains maximal 
width as ventral curvature commences; groove tapers 
acutely to a post-caudal trough of varying length and depth. 
Dorsal part of ventral area depressed. Ornamentation is 
extensive but indentation maximal on postero-ventral and 
dorsal margins; antero-ventral to ventral margins concave. 
Lateral surface bears a distinct ostial groove; ridge 
thickening from dorsal to the central body to the posterior 
angle.
Genus Mesopristes 
Mesopristes (Sleeker, 1845 : 523)
Type - species: Datnia argentea (Cuvier, 1829 : 139)
Sagitta less than 4.00 mm in length, elliptical; sulcus 
with a narrow tapering ostium; marginal ornamentation 
consisting largely of sinuate lobing. Lateral surface bears 
a short, shallow ostial groove.
It should be noted that this diagnosis is incomplete 
as it is based on a single broken sagitta.
Genus Hephaestus 
Hephaestus (De Vis, 1884 : 399)
Type - species: Therapon fuliginosus (Macleay, 1883 : 201) 
Sagitta can exceed 8.00 mm in length, obliquely lanceolate
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or spathulate; sulcus has a long narrow cauda with uniform 
width anteriorly, increasing slightly with ventral curvature; 
marginal ornamentation variable - may be conspicuous. Lateral 
surface bearing distinct ostial groove.
Hephaestus fuliginosus (Macleay, 1883 : 201)
Sagitta up to 10.45 mm in length, maximum depth at 
vertical midline; sulcus with a narrow ostium with a dis­
tinctly curved ventral border; marginal ornamentation 
conspicuous, largely lobing or pinnatifid configurations 
postero-ventrally and dorsally; dorsal area narrow. Lateral 
surface bears no differential thickening.
Hephaestus earbo (Ogilby and McCulloch, 1916 : 116)
Sagitta up to 6.55 mm in length, maximum depth anterior to 
vertical midline; sulcus with a narrow ostium with distinctly 
curved dorsal border; marginal ornamentation largely 
crenation, dorsal margin well defined by antero- and postero- 
angles; dorsal area broad. Lateral surface bears annular 
peripheral thickening.
Genus Bidyanus
Bidyanus (Whitley, 1943 : 182)
Type - species: Aoerina (Cernua) bidyana (Mitchell, 1838: 95)
Sagitta may exceed 8.00 mm in length, obliquely elliptical to 
ovate; sulcus has a short ostium and longer, broad cauda; 
caudal width increases with slight to sharp ventral curvature; 
marginal ornamentation largely restricted to postero-ventral 
and dorsal margins and may be conspicuous. A shallow ostial 
groove is present on lateral surface.
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Bidyanus bidyanus (Mitchell, 1838 : 95)
Sagitta up to 10.20 mm in length, obliquely elliptical with 
obtuse notched posterior angle; rostrum distinct; ventral 
furrow absent.
Bidyanus welohi (McCulloch and Waite, 1917 : 472)
Sagitta up to 6.90 mm in length, obliquely elliptical to 
ovate; acute posterior angle unnotched; rostrum present; 
ventral furrow present.
Genus Soortum
Soortum (Whitley, 1943 : 183)
Type - species: Therapon hill'd (Castelnau, 1877 : 226) 
Sagitta may exceed 8.00 mm in length, obliquely elliptical, 
lanceolate or trapezoidal; sulcus divided into a short 
narrow ostium and longer cauda; cauda tapered to be 
narrowest at midlength broadening in ventral curvature; 
ornamentation extensive to conspicuous on postero-ventral 
and all dorsal margins; posterior margin notched. Lateral 
surface bearing a short shallow ostial groove and ridge 
thickening from the central body to posterior angle.
Soortum hillii (Castelnau, 1877 : 226)
Sagitta up to 9.10 mm in length obliquely elliptical to 
lanceolate, low to high; rostrum distinct; sulcal 
cristae may be conspicuous; sulcus with a broad cauda; 
dorsal and/or antero-dorsal angles are usually distinct; 
dorsal area smooth and narrow. Lateral surface bears 
distinct ostial groove.
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Saortum parvioeps (Macleay, 1883 : 201)
Sagitta up to 10.70 mm in length, obliquely elliptical to 
lanceolate, low; rostrum distinct; sulcal cristae not 
conspicuous; sulcus with a narrow cauda; dorsal and/or 
antero-dorsal angles are not distinct; dorsal area roughened 
and narrow. Lateral surface ostial groove present, poorly 
defined.
Soortum barooo (McCulloch and Waite, 1917 : 474)
Sagitta up to 7.55 mm in length, trapezoidal, low to high; 
rostrum conspicuous; sulcal cristae not conspicuous; sulcus 
with narrow cauda; dorsal and or antero-dorsal angles are 
not distinct; dorsal area roughened and broad. Lateral 
surface ostial groove distinct.
Genus Pingalla
Pingalla (Whitley, 1953 : 45)
Type - species: Eelotes lorantzi (Weber, 1910 : 326)
Sagitta less than 8.00 mm in length, obliquely elliptical 
or ovate; sulcus divided into a short narrow ostium and 
longer broad cauda decreasing in width over the ventral 
curvature; ornamentation more developed on postero-ventral 
and dorsal margins where angles are prominent. Lateral 
surface bears a shallow postero-dorsal cleft.
Pingalla lorentzi (Weber, 1910 : 326)
Sagitta up to 4.05 mm in length, obliquely ovate, and high; 
excisural ostium is distinct; dorsal area is smooth, a 
ventral furrow is present. Lateral surface is almost bisected 
by a distinct ostial groove and less defined postero-dorsal
cleft.
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Pingalla gilberti (Whitley, 1953 : 46)
Sagitta up to 3.05 mm in length, obliquely elliptical to 
ovate, low to high; excisural ostium is present; dorsal area 
is roughened, a ventral furrow is absent. Lateral surface 
bears a poorly defined postero-dorsal cleft,the ostial groove 
is absent.
Genus Synoomistes 
Synoomistes (Vari, 1978 : 311)
Type - species: Synoomistes butleri (Vari, 1978 : 311)
Sagitta less than 8.00 mm in length, obliquely elliptical to 
trapezoidal; sulcus divided into a narrow tapered ostium 
and longer tapered cauda; caudal width decreases to be 
minimal at midlength, broadens over ventral curvature; 
ornamentation largely restricted to postero-ventral and dorsal 
margins. Lateral surface bears a shallow ostial groove and 
ridge thickening from dorsal to the central body to posterior
angle.
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Plate 1. Sagittal sets of 18 teraponid species representing 10 genera.
. Medial surface views of left sagittae are depicted first, in 
order from left or above lateral surface views (right sagittae). The 
anterior end of the sagitta is always to the right and magnifications 
are listed after standard lenght (SL).
Top row, from left to right;
(a), (b) Leiopotherapon unicolor (SL 102.0 mm) ;
(c) Arnniataba caudavittatus (SL 123.0 mm);
11.9 X 
7.4 X
Second row:
(d) , (e)
(f)
(g) , (h)
Amniataba percoides (SL 143.0 mm); 4.8
Pelates quadr.ilineatus (SL 115.0-120.0 mm) ; 
Pelates sexlineatus (SL 115.0 mm);
5.0 X
8.4 X
9.4 X
(i) Terapon puta (SL 98.0-115.0 mm); 7.7 X
Third row:
(j) Terapon theraps (SL 150.0 mm); - 7.7 X
(k), (1) Pelsartia humeralis (SL 220.5 mm) ,* 5.1 - 5.2 X
(m) , (n) Hephaestus fuliginosus (SL 274.0 mm); 4.9 - 5.0 X
(o) Hephaestus carbo (SL 93.0 mm); 7.0 - 7.1 X
Fourth row:
(P) Bidyanus bidyanus (SL 338.5 mm); 5.4 - 5.7 X
(q) Bidyanus welchi (SL 130.5 mm); 6.9 - 7.2 x
(r) Scortum hillii (SL 221.0 mm); 3.6 - 3.7 X
(s) Scortum parviceps (SL 189.0 mm); - 5.6 x
Fifth row:
(t) Scortum barcoo (SL 224.0 mm); 5.4 - 5.7 X
(u) Pingalla lorentzi (SL 99.5 mm); - 7.4 X
(V) Pingalla gilberti (SL 82.0 mm) ; 8.6 - 9.7 X
(w) Synccmistes butleri (SL 171.5 mm); 8.1 - 8.2 X
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Figure 3. Right sagitta of Mesopristes argenteus (QM 10. 13671) .
(a) Medial surface, (b) Lateral surface.
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Specific Sagittal Description
One detailed species description is listed below to 
demonstrate the standard form developed during this study. 
Detailed descriptions for the sagittae of the remaining 18 
teraponid species are provided in Appendix 2. The number 
of individuals and standard length range of specimens on 
which the descriptions or remarks are based is indicated in 
brackets under each species title.
Lei op o the rap on unicolor 
(23: 56.5 - 197.0 mm)
Sagitta large (maximum observed length 8.50 mm), elongate 
obliquely elliptical to lanceolate, concavo-convex, low 
(height/length ratios of 0.40 to 0.58), greatest height and 
depth immediately anterior to vertical midline.
Postero-dorsal and dorsal margins irregularly sinuate, 
antero-dorsal margin uneven, antirostrum discernible, varying 
amounts of excisural deposits alter degree of prominence, 
excisural ostium discernible, occasionally conspicuous; 
excisural surface smooth to uneven, rounded anteriorly, 
rostrum generally distinct. Antero-ventral margin uneven, 
ventral margin dentate or crenate; postero-ventral margin 
smooth to irregular with a long shallow depression or a 
distinct indentation adjacent to the post-caudal trough; 
posterior angle facet broad, irregular, not notched.
Medial surface inflated, smooth centrally, roughened 
peripherally increasing in extent posteriorly. Sulcus 
acusticus bicristial, heterosulcoid, opening ostial and 
collicula (2) are homomorph; the long sulcus is divided 
into a relatively short tapered ostium and slightly longer
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cauda; cauda has parallel sides anteriorly with some increase 
in curvature posteriorly; width of posterior curved portion 
of cauda tapers to junction with post-caudal trough; post- 
caudal trough varies in distinctness, increases in width 
posteriorly. Dorsal area narrow, smooth and variably 
sculptured; ventral area broad and smooth; ventral furrow 
barely discernible.
Lateral surface slightly concave, smooth centrally, 
roughened peripherally. Dividing deposit lines in a variable 
radiate pattern separate marginal process bases. A short 
shallow groove extending from the excisural ostium is observed 
in some specimens. Up to three small discrete processes in a 
triangular pattern are present in the postero-ventral body 
region and a shallow cleft is formed on the postero-dorsal 
surface adjacent to the posterior angle.
In some specimens the posterior region with the truncate 
posterior-angle has developed differentially to assume an 
obliquely acuminate shape with a prominent pointed posterior 
angle. In the largest specimens, central thickening in the 
form of a ridge parallel to the dorsal margin has been observed.
Sagittal Growth
Although material has been limited in most instances, 
a number of observations related to individual size and there­
fore growth in teraponid sagittae are summarised below.
Reasons for a combined analysis of height/length ratios are 
listed in the discussion.
In addition to the expected increase in body thickness 
and caudal depth, other changes noted were: an overall 
reduction in height/length ratio with increase in size (see
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Figure 4. Relationship of sagittal height to length with 
increase in size and age, in 198 teraponid 
individuals representing ten genera. Some dots 
represent more than one datum point. Slope of 
regression line is -0.00024 (P< 0.001).
0
6
5
- 33 -
O llVH  l/M
40
 5
0 
10
0 
15
0 
20
0 
25
0 
30
0 
35
0 
39
0
SL
 
(m
m
)
- 34-
Figure 4): the equation for the regression line is 
Y - 0.51 + x (-0.00024) - t-test shows slight negative slope 
to be highly significant (t = - 6.07, F <0.001); differential 
ridge thickening parallel to the dorsal margin, from the 
central body to posterior angle, from dorsal to central body 
to posterior angle and in annular peripheral zones; an 
obscuring of lateral surface features, e.g. ostial groove, 
with increase in size; development of lateral surface 
processes ventrally and antero-ventrallv, numbers and positions 
of processes being variable.
Other less frequent modifications apparently related 
to growth are: a shape change, e.g. elliptical to trapezoidal; 
attenuation of the posterior region to assume an oblique or 
regular acuminate shape; an increase in degree of posterior 
angle notching with increasing size; a short ventral ventro- 
posterior ridge adjacent to margin, on lateral surface.
Two additional features, not restricted to either 
surface are firstly, an apparent elongation of the rostrum 
relative to the body of the H. fuliginosus sagitta and 
secondly, a clear thin transparent growth layer in most 
S. barcoo specimens taken at Nockatunga Waterhole in November 
1974 .
Outgroups Berycoids, Scorpaenoid and Percoids
Sagittal Data
Details of features rated and data analysed are 
included in Appendix 1 Tables 11 and 12.
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Analysis of Sagittal Data
Phenetic variation has been summarised by subjecting 
the combined specific data states for 41 attributes (16 
binomial, 25 disordered multistate) - listed in Tables 10,11,12 - to 
MULTBET, GROUPER and MINSPAN (C.S.I.R.O. Taxon Programmes) 
analyses; the resulting distance coefficient matrices and 
phenograms form the bases for inter-order, inter- and 
intra-familial comparisons.
The MULTBET programme accepts a wide variety of un­
weighted attribute types which are surveyed and used to 
cluster operational taxonomic units (OTU's) into a pre­
determined number of groups. This programme is considered 
to be intensely clustering with a tendency to produce odd 
groups. It constructs a summary phenogram, based on the 
calculated distance coefficient matrix, by pairing the 
least divergent complexes and calculating fusion values 
for increasingly divergent groups (Milne, 1976).
GROUPER analysis continues after the completion of 
MULTBET; the primary data, specified group number and phen­
ogram sequence of MULTBET are necessary prerequisites.
GROUPER is a diagnostic programme; at each fusion it 
calculates the separation/fusion contribution of each 
attribute. Sets of contributions are sorted into order of 
magnitude. Cramer values indicating which attributes have 
been most important in separation/fusion decisions over the 
whole analysis are calculated for all structures analysed 
and listed in order of magnitude (Milne, 1976) .
MINSPAN uses the MULTBET distance coefficent matrix 
and compiles a two-dimensional connectivity diagram based 
on the minimum distances separating OTU's (Gower and Ross,
1969).
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Inter-Familial Relationships
The initial analyses processed data of all species 
dividing it into 19 groups based on previously-postulated 
familial groupings.
Phenetic relationships of all sagittae studied - based 
on distance coefficients - are summarised in Figure 5.
The initial total MULTBET analysis (Figure 5 ) shows 
that phenetically related groups may be monospecific, mono­
generic, polygeneric, polyfamilial or even contain 
representatives of different orders. Despite this variation 
a number of points of interest are illustrated.
Firstly, the most distant fishes were four berycoids 
(63, 71) - more closely related to each other than to a fifth 
berycoid and two percoids (69) representing the basal family 
Ambassidae and the derived Gobiidae.
Secondly, another divergent complex contained the 
remaining bercyoia with a gerreid and two sparids being 
paired with Pomatomus saltatrix on one branch; the other 
branch paired a serranid and plesiopid on one hand with 
another serranid and three percichthyids on the other.
Thirdly, all nine groups containing teraponids were 
on adjacent branches but were basically split into two 
complexes.
Fourthly, the first teraponid complex shows A.
oaudavittatus3 A. pevcoides and S. butleri (54) being more
similar to each other than to the multigeneric 
group of P. quadrilineatusP. sexlineatus 3 T. puta and 
H. cavbo (72), From the other half stem H. fuliginosus and 
S. barcoo together with a lethrinid form a single penultimate 
branch before the ultimate dichotomy splitting T. theraps
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Figure 5 . Phenogram depicting phenetic similarity between 6 berycoid, 
1 scorpaenoid, 21percoid, and 19 teraponid species. Number 
of ultimate groups is approximately equivalent to the 
number of families previous classification, have postulated 
are represented by the species studied.
Groups
68 with 2 members T. therapSj M. argenteus
56 with 2 members E. a n nulata3 L. unicolor
61 with 2 members P. o x y genios3 P. bleekeri
70 with 4 members E. undulatostriatus 3 M. ambigua3 M. australasica_
M. novemaculeatus
57 with 2 members C. a u r a t u s 3 P. lorenizi
67 with 2 members Ostracoberyx sp. G. tricuspidata
59 with 2 members S. h i l l i i 3 S. parviceps
50 with 2 members M. p e e l i 3 P. fus cus
75 with 4 members P. japo n i c a 3 G. ovatus3 A. australis3 R. sarba
25 with 1 members P. s a l t a t r i x
54 with 3 members A. caudavittatus3 A. per c o i d e s 3 S. butleri
72 with 4 members P. quadrili-aeatus3 P. sexlineatus3 T. p u t a 3
H. carbo
63 with 2 members D. p auciradiatus3 H. major
71 with 2 members B. decdactylus3 B. splendens
73 with 2 members C. lepidoptera3 P. hum.eralis
64 with 2 members A. serr a t u s 3 P. waigensis
74 with 3 members B. b i d y a n u s 3 B. w e l c h i 3 P. gilberti
66 with 3 members L. n e b u losus3 H. fuliginosus3 S. barcoo
69 with 3 members C. a f f i n i s 3 C. cristatus3 P. marianus
Groups containing terapcnids are asterisked.
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and M. argenteus from L. unioolor and a serranid.
Fifthly, the smaller teraponid complex shows a single 
group (74) of B. bidyanus3 B. welchi and P. gilberti paired 
with a dichotomous combination of a sparid and P. lorentzi 
on the one hand, a serranid and kyphosid on the other. The 
remaining half of this complex comprises the congeneric 
5. hillii and S. parvioeps (59) being most similar to 
Maeeullochella pesli and the scorpaenoid Platycephalus fusous 
on one side and P. humevalis with a serranid forming a 
dichotomy with another serranid and a representative of the 
Centropomidae.
The phenogram (Figure 5) indicates that representatives 
of the Serranidae, Percichthyidae, Centropomidae, Lethrinidae, 
Sparidae, Kyphosidae, and Platycephalidae are most similar 
to the Teraponidae; some serranid, percichthyid and sparid, 
species are also represented in the more divergent complexes.
Even allowing for derivation and specialization of 
selected extant species, the grouping of a wide range of 
basal and derived percoids with the Teraponidae and the close 
similarity to a scorpaenoid indicates that there are un­
resolved problems with the input data.
Visual scanning of distance coefficient values shows 
that they are of little use in defining relationships; there 
are no magnitude categories relating to taxonomic hierarchy. 
Minimum and maximum coefficients are 0.215 and 0.802 respec­
tively; both characterise comparisons of species in­
different orders. Other inter-order, inter- and intra-familial 
comparisons exhibit wide variation within the overall range.
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GROUPER analysis shows that the principal attribute 
contributes in supra-familial, multi-familial and inter- 
familial delineations are of the order of 7 to 16% and 
involve multistate medial surface characters such as shape, 
sulcal opening, surface texture and ornamentation on postero- 
dorsal, dorsal, antero-dorsal, anteroventral, ventral and 
postero-ventral margins as well as the lateral surface ostial 
groove.
In the second two-dimensional graphical representation 
of phenetic associations (Figure 6) the same broad trends are 
exhibited; points, of contrast include: the placement of 
M. argenteus with several percichthyids, and a serranid; 
placement of L. unioolov and T. theraps with M. peelz; 
placement of G. triouspzdata with C. auratus; placement of 
P. saltatvix with P. quadPzlineatus and P. sexlineatus; 
placement of G. ovatus with A. oaudavittatus3 A. percozdes 
and S. butlevi; placement of A. serratus and P. waigensis 
with T. puta.
Intra-Familial Relationships
Among the nine groups (Figure 5 ) that include 
teraponids, two (56, 73) contain single less derived species 
that are widespread and considered distinct, Leiopothevapon 
uniaolor and Pelsavtia humeralisj a third contains Pingalla 
lorentzi - more derived but not widespread; a fourth con­
tains both H. fuligznosus and S. barcoo - more derived and 
widespread.
Among the five groups totally comprised of teraponids 
only one (59) is monogeneric - containing S. hillzi and 
S. parvioeps; group 68 contains two less derived species
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Figure 6. Minimum spanning tree depicting phenetic sagittal similarity 
between 6 berycoid, 1 scorpaenoid, 21 outgroup percoid and 19 
teraponid species. Number of ultimate groups is equivalent 
to the number of species previous classifications have post­
ulated are represented in the material studied.
Group
1 . Beryx decdactylus
Group
25. Pomatomus saltatrix
2. Beryx spíendens 26. Acanthopagrus australis
3. Centroberyx affinis 27. Chrysophrys auratus
4. Diretrms pauciradiatus 28. Rhabdosargus sarba
5. Holocentmus major 29. Leiopotherapon unicolor
6. Polymixia japónica 30. Amniataba caudavittatus
7. Acanthistius serratus 31. Amniataba percoides
8. Ellerkeldia annulata 32. Pelates quadrilineatus
9. Epinephelus undül atos triatus 33. Pelates sexli'neatus
10. Polyprion oxygenios 34. Terapon puta
11. Ostracoberyx sp. 35. Terapon theraps
12. Maccullochella peeli 36. Pelsartia kumeralis
13. Macquaria ambigua 37. Mesopristes argenteus
14 . Macquaria australasica 38. Hephaestus fuligivrsus
15. Macquaria novemacüleatus 39. Hephaestus carbo
16. Paraplesiops bleekeri 40. Bidyanus bidyanus
17. Caesioperca lepidoptera 41. Bidyanus welchi
18. Priopidichthys marianus 42. Scorturn hillii
19. Gerres ovatus 43. Scortum parviceps
20. Cryptocentrus cristatus 44. Scortum barcoo
21. Girella tricuspidata 45. Pingalla lorentzi
22. Psammoperca waigensis 46. Pingalla gilberti
23. Lethrinus nebulosus 47. Syncomistes butleri
24. Platycephalus fus cus
The relative lengths of branch arms do not reflect absolute distance 
values.
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T. theraps and M. argenteus. Group 74 contains the more 
derived freshwater species B. bidyanus 3 3. welohi3 and 
P. gilberti whereas groups 54 and 72 contain 3 and 4 species 
respectively from both less and more derived genera.
Among the intrafamilial divisions of note are the 
divergence between: T. puta and T. theraps; H. oarbo and 
H. fuliginosus; S. hilliiS. parvioeps and 5. barooo;
P. gilberti and P. lorentzi. The Pingalla species are 
separated by a single ultimate dichotomy, whereas although 
separated by a major branching point the two Terapon and 
Hephaestus species are within the same complex. S. barooo 
is far more distant from the other Scortum species; however, 
its placement with H. fuliginosus closely parallels electro­
phoretic phenogram results (see the next section) .
The second restricted MULTBET analysis clarified 
the groupings listed above. The 29 teraponids and related 
percoids basically split into four complexes which were 
paired to form two divergent groups (Figure 7 ). One discrete 
branch of the first complex contained an ultimate dichotomy 
splitting S. butleri from A. oaudavittatus and A. perooides - 
the two closest species studied - the other half complex 
splits H. oarbo and T. puta from P. quadrilineatus and 
P. sexlineatus . In the second complex one discrete branch 
shows S. barooo and the lethrinid, L. nebulosus3 to be 
slightly closer to each other than either is to H. fuliginosus 
The other half stem separates T, theraps and M. argenteus on 
the one hand from L. unioolor and a serranid.
The third complex separates P. gilberti and B. welchi 
from B. bidy anus on one hand and P. lorentzi and a sparid,
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Figure 7. Phenogram depicting phenetic similarity between 9 outgroup 
percoids, 1 scorpaenoid and 19 teraponid species. Number of 
ultimate groups is one less than the number of species previous 
classifications have postulated are represented.
Group
1 . A. serrât us
2. E. annulata
3. Ostracoberyx sp.
4. M. peeli
5. C. lepidoptera
6. G. tricuspidata
7. P. waigensis
8. L. nebulosus
9. P. fusous
10. C. auratus
11. L. unicolor
14. P. quadrilineatus
15. P. sexlineatus
16. T. puta
17. T. theraps
18. P. himeralis
19. M. argenteus
20. H. fuliginosus
21. H. carbo
22. B. bidyanus
23. B. welchi
24. S. hillii
25. S. parviceps
26. 5. barcoo
27. p. lorentzi
28. P. gilberti
29. S. butleri
30. A. ccLudavittatus 3
Figure 8. Minimum spanning tree depicting phenetic similarity between 
9 outgroup percoids/1 scorpaenoid and 19 teraponid species. 
Number of groups is equivalent to the number of species 
represented. Numeric assignations are as above except for 
Amniataba species. A. caudaviitatus is denoted by 12 and 
A. percoides by 13.
100
80
60
40
20
0
- 45 -
29 30 21 16 15 14 26 8 20 19 17 11 2 28 23 22 27 10 6 3 25 24 9 4 18 5 7 1
- 4 6 -
- 47-
C. auratus 3 from outgroup G. tricuspidata and Ostraaobevyx 
sp. The fourth complex distinguishes the congeneric S. hillii 
and S. parviceps from the outgroup scorpaenoid and M. peeli 
on one side and distinguishes P. humeralis from three other 
percoids on the other.
Initial GROUPER analysis shows the principal attribute 
contribution in the intra-familial delineation between 
Amniataba and Syneomistes species on the one hand and Pelates 3 
Terapon and Hephaestus species on the other, to involve the 
multistate antero-dorsal margin ornamentation character and 
be 13%. The restricted GROUPER shows principal attribute 
contribution to intergeneric delineation to be in the range 
of 9 to 25% and involve the multistate postero-dorsal, dorsal, 
excisural and postero-ventral margin ornamentation characters. 
Interspecific delineations were based on principal attribute 
contributions ranging from 17 to 20% of characters such as 
excisural and postero-ventral margin ornamentation. The 
restricted GROUPER shows some 14 attributes (9 binary, 5 multi­
state) with Cramer values of 1.00; a further 11 attributes 
(2 binary, 9 multistate) have values exceeding 0.70.
The initial MINSPAN (Figure 6 ) shows a close similarity 
between S. hillii and 5. parviceps with P. gilberti3 B. bidyanus 
and B. welahi grouped by MULTBET and repeats the co-grouping 
of S. barcoo and H. fuliginosus. The restricted MINSPAN 
(Figure 3) repeats the above specific groupings but also 
places M. argenteus with the Amniataba species and 5. butleri.
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Discussion
Sagittal Structure and Growth
Detailed qualitative analyses have demonstrated three 
major trends in structural modification over the teraponid 
species studied; these changes are apparently associated 
with individual size.
Firstly shape changes from a basic elliptical form 
to trapezoidal or lanceolate. In species where extensive 
series have been examined the small sagittae from small 
individuals are all elliptical. Secondly, the long hetero- 
sulcoid sulcus with a short ostium and longer cauda slightly 
ventrally curved posteriorly, undergoes up to three modif­
ications: the relative length of the ostium increases; the
average caudal width decreases; and caudal curvature becomes 
more pronounced. Thirdly, overall marginal- ornamentation 
increases both intra-specifically from small to larger 
individuals and between L. unicolov and Hephaestus, Bidyanus 
and Soortum species.
Limited outgroup comparisons, small developmental series 
of individual species within the group and the relatively 
small number of species (19 out of 44) within the family for 
which material is available are all factors combining to 
make it impossible to subject these sagittae to meaningful 
cladistic analysis. It is suggested however, that the plesio- 
morph shape state is elliptical, the least derived sulcal 
state incorporates a short ostium and an equal or longer but 
narrow cauda with a short gradually curved posterior portion, 
and finally that minimal marginal ornamentation respresents 
a plesiomorphic character state.
- 49-
The significance of increased ornamentation - in terms 
of function - is not known. Hawkins (1973) and Denton and 
Gray (1979) indicate that the individual teleost otoliths 
are often specialised in function and that the sagitta is 
often more associated with sound reception than equilibrium 
functions. As in the majority of teleosts it is the sagitta 
which is the largest and most conspicuous otolith within the 
Teraponidae (Roberts, 1973); in many dissections the very 
much smaller size of the asteriscus was noted - the lapillus 
has not been observed. To the author's knowledge there has 
been no attempt to correlate functional specialization with 
otolith size, structural type or modifications.
To date, features used to distinguish genera are sulcal 
structure, geometric shape, outer marginal morphology and the 
pattern on the medial face; features exhibited on the lateral 
face are generally used to distinguish species (Hecht, 1978).
In view of the small number of lateral surface features 
observed in teraponid sagittae some modification to the above 
scheme is necessary.
The limited sagittal series examined in this study have 
demonstrated considerable differences between the genera with 
the expected small features delineating species; however, 
intra-specific variability in a large number of the attributes 
rated has been such as to prohibit the construction of workable 
keys at either the generic or specific level.
Casteel (1976: 26) states that there are a number of
works demonstrating a strong positive relationship between 
body weight and otolith length. Although the material has 
been limited in most instances the observations provide a
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useful introduction on the growth variation to be encountered 
among teraponid sagittae - with the associated potential for 
taxonomic confusion caused by growth abnormalities.
As the trend for reduction of h/1 ratio with increased 
length appeared to be common in all five species for which 
most material was available it was decided to treat all 
teraponids as a single sagittal population. Since there was 
insufficient material of any one species on which to base a 
meaningful regression analysis it was decided that as it 
would be reasonable to expect similar growth patterns in all 
teraponids, that an overall trend might be positively shown 
by a combined curve based in the total teraponid population. 
The slight but highly significant negative slope demonstrates 
conclusively that teraponid sagittal growth, with increased 
length, in the vertical axis is longitudinal rather than in 
height. This agrees with conclusions on otolith growth based 
on differential deposition studies in other teleosts reported 
by Casteel (1976: 28).
It should be remembered that the increase and decrease 
in marginal ornamentation in P. quadrilineatus and E. oarbo 
respectively is based on ten specimens (SL 42.5 - 120.0 mm), 
with a relatively narrow length range, of the first species 
and only four individuals (SL 90.0 - 160.0 mm) of the latter 
species and can in no way be considered conclusive.
Small numbers of irregularly shaped but discrete 
ventral and antero-ventral processes were noted in 12 species 
however, only in H. fuliginosus and B. bidy anus did the 
feature appear restricted to a size group.
The observation concerning the new growth zone in the 
Wilson River S. barcoo is noteworthy for two reasons. It
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was the only zone of this type to be observed among the 
hundreds of sagittae examined, and secondly, annual growth 
zones in other marine warmwater teleosts are laid down 
over restricted periods of time. These zones in the closely 
related fluviatile B. bidyanus are considered to be laid 
down in October - November (K. Shearer, pers. comm. 1976).
Inter-Fami 1ia 1 Relationships
As noted in the results the phenetic groupings cal­
culated in the quantitative analyses are such as to indicate 
that the input data are not adequate and real differences are 
not necessarily being demonstrated. Accordingly there is 
no detailed consideration here of the phenogram relationships; 
however, the GROUPER results did confirm a suspicion held as 
a consequence of qualitative analyses. Namely, that no single 
attribute stood out as a good key character either for small 
or larger numbers or species.
Despite the obvious problem the data and analysis 
results have been included for three reasons. Firstly, the 
structural examination and rating is by far the most detailed 
and rigorous so far attempted; although nearly all attribute 
states are subjective assessments, numbers of states have been 
kept to a minimum and standard morpho-terminology has been 
used. Secondly, the analyses form the basis of the only 
numerical study of sagittal structure known to have been 
undertaken. Thirdly, to provide a basic methodology which 
may be modified and refined in future otolith studies.
It is considered that this type of study has potential 
for classifying otoliths of Teraponidae and other families.
But in order to minimise the inter-specific variation in such
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attributes as marginal ornamentation, which may be blurring 
real differences in other characters, individual sagittal 
set data will be used and character states of some multistate 
attributes will be reduced. The summarised specific data 
used’meant that an odd sagitta in a series conferred its 
eccentricities on the species and no measure of intra-specific 
variability could be obtained.
Intra-fami 1ial Relationships
Weakness aside, the analyses have shown some points of 
interest.
The most interesting division shown by the initial and 
restricted MULTBET is the wide separation of S. hillii and 
S. parviceps from S. barcoo; the grouping of the latter species 
with H. fuliginosus in this and electrophoretic work suggests 
that further clarification of the status of S. barcoo is 
necessary. There is some conflict in the results of the 
initial MULTBET and MINSPAN analyses. Whilst Figure 7 shows 
a greater similarity between S. hilliiS. parviceps and the 
Bidyanus species than with H. fuliginosus and 5. barcoo 
Figure 8 closely associates all of them, virtually duplicating 
the electrophoretic phenograms (Figures 9, 10) .
Other phenogram features of note are the apparent diver­
gence of L. unicolor and P. humeralis from other teraponids - 
confirming qualitative conclusions - and the assocation of 
Bidyanus3 Scortum and Pingalla species.
The pairing of the geographically distinct P. humeralis 
with other marine percoids is not surprising; all of these 
species could have been subjected to similar selection pressures 
for millions of years.
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Apparently anomalous is the placement of Syncomistes 
butleri with Amniataba species. The summarized specific 
data are based on 40 individuals - 15 *4. oaudavittatus s 15 
A. percoides and 10 S. butleri. Whether the grouping is a 
result of summnrizing or of real structural convergence cannot 
be determined at this stage; however, both A. pereoides and 
S. butleri are sympatric over an extensive fluviatile range 
in North West Australia. Under some circumstances all three 
species could be sympatric and therefore subject to the same 
environmental and other selective forces.
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ELECTROPHORESIS
Introduction and Historical Review
A number of specific status problems, within the 
Teraponidae, remained unresolved after Vari's revision and 
it was decided that genetic studies might help solve some 
outstanding questions.
A number of studies have used electrophoresis, 
despite sensitivity and technique problems, to demonstrate 
differences between closely related species where morphological 
characters do not show clear distinctions (Johnson, 1975; 
Shearer and Mulley, 1978). As the proteins tested for are 
under direct genetic control and normally not subject to 
action by environmental factors, overall electrophoretic 
similarity has been found to reflect the level of evolutionary 
divergence (Kornfield, 1976).
With the exception of the study completed by MacDonald 
(1978) in which protein content and variation exhibited by six 
specimens of Bidyanus welehi was compared with that in 
Australian percichthyids, no electrophoretic investigations 
have been carried out on Teraponidae. In B. welohi only one 
polymorphic locus, of 19 investigated, was detected. Similarity 
coefficients calculated for B. welehi and all six percichthyids 
ranged from 0.21 to 0.37.
As limited fresh material was available an electro­
phoretic survey was undertaken: to investigate genetic 
variation - with respect to commonly tested proteins - within 
six fluviatile and one marine species representing five genera; 
to investigate genetic differentiation between the Scortum 
species and sister group Bidyanus and Hephaestus species.
- 5 5 -
Materials and Methods
Except with small specimens, muscle samples were 
normally strips of the abdominal wall or tissue blocks from 
the dorsal back regions; in very small Palates quadvilineaius 
individuals most of the body was used. All samples were 
stored at - 20°C.
Shortly before testing sample tubes were thawed and 
samples homogenised in a small volume of buffer. After homo­
genisation samples were centrifuged for 30 minutes at 3,000 
r.p.m. and then returned to the freezer until immediately 
prior to gel testing. Starch gels were made from a 1:1 
mixture of Electrostarch and Connaught starch at a con­
centration of 12% (w/v).
Data were obtained by routine starch gel procedures 
(Shearer and Mulley, 1978) . A number of small modifications 
used in these studies are listed below.
Immediately before a gel run the homogenates were 
thawed. Wicks (10 x 4 mm) of filter paper (Beckman No.319329) 
were dipped into the cool clear supernatants. Excess solution 
was removed and the paper wicks inserted into the cut gel 3 cm 
from the cathodal end; these wicks were removed after 15-20 
minutes on all electrophoretic systems except 6 where they 
were removed after 5 minutes.
Nicotinamide-adenine dinucleotide phosphate (NADP) 
was added to some buffer solutions to minimise breakdown of 
the unstable enzyme G-6-PD, during electrophoretic separation 
time, and to maintain satisfactory electrophoretogram 
resolution. During separation time the gels were encased in
frozen cooler-bricks.
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After electrophoresis the gels were sliced and electro- 
phoretograms stained; staining methods follow Barker and 
Mulley (19 7 6) .
Initially each protein was tested in several buffer 
systems; the system which gave the desired resolution was 
used in subsequent investigations. Small or doubtful inter­
specific differences in mobility were checked on several 
systems using side by side comparisons of each species.
Relative mobilities were determined by calculating ratios 
of migratory distances measured with dial calipers.
When functionally equivalent proteins were observed, 
the nomenclature was standardised as follows. In the case 
of two loci, the isozyme abbreviation LDH-1 represents the 
fastest zone, coded by the Ldh-1 locus; with LDH-2 being 
the slower migrating band, proximal to the cathode, and 
coded by the Ldh-2 locus. Each allele at a locus where 
genetic variation is observed is also named in accordance 
with migration rate; for example, Ldh-la designates the
allele that controls the faster migrating LDH-1 allozyme,
b band the Ldh-1D allele corresponds to the slower LDH-± band,
or allozyme.
Material Examined
Full collection details of all specimens are included 
in Appendix 5 .
Leiopotherapon unioolor3 2(60.0, 96.5 mm) Murray-Darling Division.
Pelates quadvilineatus3 12(25.0-53.5 mm) Sydney.
Hephaestus fuliginosus3 6(183.0-237.0 mm) North-east Coast 
Division.
Bidyanus biayanus3 16(140.0-205.0 mm) Murray-Darling Division.
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Scortum hillii3 1(284.0 mm) North-east Coast Division.
Scortum varviceps3 6(180.0-286.5 mm) North-east Coast 
Division.
Scortum barcoo3 4(214.5-228.5 mm) Lake Eyre Division.
Results
The relative mobilities for all enzymes and non-enzymatic 
proteins for which samples have been tested and positive results 
obtained are listed in Appendix 3; the proteins for which com­
plete data have been obtained and analysed are listed in Table 2.
Electrophoretograms
Figure 9 (a) depicts the banding pattern obtained for
the monomorphic Adenylate kinase locus which does not show 
interspecific variation; the other electrophoretograms 
illustrated show the banding patterns obtained for the 12 poly­
morphic and interspecifically variable loci analysed (Figures 
9, 10).
Genetic distance
Mobility data recorded for 26 loci have been incorporated 
in a NEIDIS programme for average heterozygosity and genetic 
distances (Nei, 1972, 1973; Nei and Roychoudhury, 1974). Details 
of the protein and loci are listed in Table 2 . The calculated 
values for standard genetic distances, with standard errors, 
between individual species are listed in Table 3 . Key values 
for additional generic and supra-generic comparisons have been 
calculated by summing and division to average group distances 
and these have formed the basis for the construction of the 
phenograms depicted in Figure 11 . Key distance values
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TABLE 2^  Proteins and loci, the electrophoretogram results for which 
provided the data, analysed by the Neidis programme.
Protein Abbreviation E.C. No. m -  ATissue
No interspecific variation
Adenylate kinase AK 2. 7. 4.3 M
General protein-2 PT-2 - M
Glyceraldehyde-3-phosphate
dehydrogenase G-3-PDH 1 . 2. 1.12 M
Lactate dehydrogenase-1 LDH-1 1 . 1 . 1.27 M
Lactate dehydrogenase-2 LDH-2 1 . 1 . 1.27 M
Leucine amino peptidase LAP 3. 4 . «—11—1 rH L
Isocitrate dehydrogenase-2 IDH-2 1 . 1 . 1.42 M
Malate dehydrogenase-1 MDH-1 1 . 1 . 1.37 M
Malate dehydrogenase-2 MDH-2 1 . 1 . 1.37 M
Malic enzyme ME 1 . 1 . 1.40 M
Xanthine dehydrogenase XDH 1 . 2. 1.37 L
Interspecific variation
Fumarate hydratase-1 FUM-1 4. 2. 1.2 M
General protein-1 PT-1 - M
General protein-3 PT-3 - M
Glutamate oxaloacetic 
transaminase GOT 2. 6 . 1.1 M
a-Glyceraldehyde dehydro­
genase aGPD 1 . 1 . 1.8 M
Isocitrate dehydrogenase-1 IDH-1 1 . 1 . 1.42 L or M
Mannose phosphate isomerase MPI 5. 3. 1.8 M
Octanol dehydrogenase ODH 1 . 1 . 1.73 L
Peptidase-1 PEPT-1 - M
Peptidase-2 PEPT-2 - M
Phosphoglucomutase PGM 2. 7. 5.1 M
6-Phosphogluconate dehydro­
genase 5-PGD 1 . 1 . 1.44 M
Phosphoglucose iscmerase-1 PGI-1 5. 3. 1.9 M
Phosphoglucose isomerase-2 PGI-2 5. 3. 1.9 M
Tétrazolium oxidase TO 1 . 15 . 1.1 L or M
M=muscle, L=liver
Details of electrophoretic buffer systems used for each protein are 
included in Appendix 3 #
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Figures 9,10. Observed banding patterns for seven species of 
teraponids representing four fluviatile and one 
marine genus. Primary locus band positions are 
marked by thick lines, secondary breakdown bands 
by thin lines and dimer or duplication bands are 
marked by lines of intermediate thickness. Some 
figures illustrate mobility of more than one pro­
tein (e.g. (c) shows mobility of PT-1, PT-2 and
PT-3) - in this case a general abbreviation 
heading is used (PT).
The order (from left to right) in which 
species are listed duplicates the standard order 
in which wicks were initially positioned on most 
gels. The first five species were grouped on 
suspected systematic relationships and for ease of 
direct comparison of adjacent species bands in 
tests where small mobility differences were expected 
L. unicotor was considered a distinct reference 
fluviatile species; P. quadidlineatus was con­
sidered as a reference marine representative of 
the family.
Figur« 9.
Cal AK
Cb) FUM
Ccl PT
Cd)BOT
C«) «*GPD
( f ) IOH
rgj M*pi
B.bidy. S.barc. S. hi 11. S.parv. H.fuli. L.unic. P.qoad.
Figúrelo. B.bidy. S.barc. S .h il l .  S.parv. H.fuli. L.unic. P.quad.
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(phenogram branching points) were calculated as follows:
the Scortum hillii - parviceps group from S. barcoo, 0.112; 
the Scortum species from H, fuliginosus. 0.139; the 
Scortum and Hephaestus species from 3. bidyanus3 0.278; the 
BicLyanus-Scortum-Hephaestus complex from L. unicolor 0.484 ; 
the Bidyanus-Scortum-Hephaestus complex from the Leiopotherapon- 
Pelates complex, 0.495.
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Figure 11. Phenograms, based on genetic distance values calculated from selected 
electrophoretogram results, depicting the postulated relationships of 
seven teraponid species representing five genera, (a), (b) and (c)
are not drawn to scale.
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Discussion
Both liver and muscle samples from the same species 
were tested for three reasons. Firstly, some of the enzymes 
tested are known to stain more clearly in one tissue - usually 
muscle. Secondly, it enables immediate confirmation of an 
apparently anomalous result in one tissue. Thirdly, failure 
of an enzyme to stain either at all or indistinctly in one 
tissue, does not necessarily suggest the erroneous conclusion 
that the enzyme is not present or not able to be stained 
using the same procedure.
The loci controlling the proteins chosen for study 
have been selected on the basis of loci giving adequate 
resolution in previous studies, and loci used in studies of 
Australian fluviatile percichthyids and Bidyanus welchi.
Electrophoretograms
Although analysed as a single locus showing no inter­
specific variation, the triple banding pattern of adenylate 
kinase suggests the presence of two isozymes, each determined 
by one locus (Figure 9(a)).MacDonald (1978) reported this 
enzyme to exhibit a double band - using cellulose acetate 
gels - in six percichthyid species and Bidyanus welahi; the 
relative mobilities in all species were the same. MacDonald 
interpreted these results as indicating that the detected 
isozymes were determined by two loci.
The conservative assignation of a single locus to 
fumarate hydratase is considered most parsimonious in view 
of: the non-repeatable results - despite retesting the
slower banding was only detected on some initial gels; the 
positive detection of only one Bum locus in these and the
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majority of published studies. Whilst single banding has 
been reported in B. welchi3 six percichthyids and two 
poecilids (Yardley and Hubbs, 1976; MacDonald, 1978) intra­
population genetic polymorphism was detected in Cyprinus 
carp to (Shearer and Mulley, 1978) . In the latter study 
although fumarate hydratase displayed two closely spaced 
bands, they were considered to be the product of a single 
Bum locus.
Non-enzymatic protein heterogeneity has been commonly 
reported. The non-enzymatic proteins in two poecilids 
indicate the loci to be monomorphic (Yardley and Hubbs,
1976); however, a complex band pattern for general protein 
involving four loci has been discerned in Cyprinus carpio 
(Shearer and Mulley, 1978) and Astyanax mexieanus (Avise 
and Selander, 1972).
Detected teraponid proteins are all monomorphic. See 
Figure 9(c).
Figure 9(d)shows the Glutamate oxaloacetic transaminase 
isozyme to be apparently determined by the same allele in 
six species with L. unicolor exhibiting genetic differentia­
tion. Previous studies have shown several patterns for this 
isozyme. Kornfield and Koehn (1975) reported triple banding 
in cichlids, determined by a single locus; however, Avise 
and Selander (1972) reported two systems (loci) and Avise and 
Smith (1974) noted three bands in Lepomis macrochirus represent­
ing three loci.
It is concluded from Figure 9(e) that a-glycerophosphate 
dehydrogenase is also determined by a single locus. The 
slower faint band is considered to be an artefact as it 
occurred on a number of gels stained for different enzymes;
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however, the faster faint zone is considered to be secondary 
banding from a-GPD. Turner (1974) also reported triple 
banding for this isozyme which was assigned one locus.
MacDonald (1978) found a single band in B, welchi and six 
percichthyids. In the characid Astyanax mexioanus Avise 
and Selander (1972), using similar techniques to those 
employed in the current studies, reported four allozymes 
determined at the a-GPD locus.
Previous studies have indicated isocitrate dehydro­
genase to be monomorphic, determined by a single locus, 
or that three allozymes are determined at the isocitrate 
dehydrogenase-2 locus (Avise and Selander, 1972; Turner,
1974; Yardley and Hubbs, 1976; Hadfield et al 3 1979). In 
Figure 9 {f) additional faint staining noted in one S. hillii 
and one S. parvioeps specimen occupies the same position 
as the faster S. barcoo IDH-1 isozyme. This position and 
the absence of secondary banding in other samples subjected 
to the same preparation, indicates the S. hillii and S. parvioeps 
individuals to be heterozygotes. These two species are con- 
sidered heterozygous for the isocitrate dehydrogenase-1 and 
isocitrate dehydrogenase-1 alleles with relative mobility 
rates calculated at 1.38 to 1.30 respectively. In summary, 
the teraponid gels indicate Idh-1 to be polymorphic, but 
Idh-2 is monomorphic.
Mannose phosphate isomerase is apparently determined 
by a single locus; pale banding exhibited by two S. barcoo 
individuals is considered to be secondary (Figure 9 (g)).
Octanol dehydrogenase banding patterns indicate this 
enzyme to be determined by a single locus (Figure 10(a)). One 
gel also showed a second fast band with a relative mobility
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of 1.00 in one L. unicolor sample. Two alternative 
explanations are suggested for this fast band. Firstly, 
that the individual concerned was a heterozygote, or 
secondly, that the apparent band was an artefact produced 
by leakage from heavily stained adjacent species. Shearer 
and Mulley (1978) reported ODH to be interspecifically non­
variable and determined by a single locus in Cyprinus carpio.
The pattern illustrated in Figure 10(b) suggests that 
the three teraponid peptidases detected are determined by 
three loci, two of which are polymorphic. The additional 
band associated with the peptidase-1 zone in one 
P. quadrilinsatus sample indicates that this individual 
could be a heterozygote for the peptidase-1 alleles; the 
significance of the slower additional band adjacent to the 
E. fuliginosus peptidase-1 primary band cannot be determined. 
The position of the intermediate band in P. quadrilineatus 3 
adjacent to the peptidase-2 primary bands of other species, 
suggests that this staining may represent the peptidase-2 
isozyme in P. quadrilineatus; the absence of peptidase-3 
staining in six species cannot be explained. MacDonald 
(1978) reported similar banding patterns for four peptidases 
in B. irelchi and six percichthyids. Using identical techniques 
to those employed in this study Shearer and Mulley (1978) 
detected two peptidases in Cyprinus carpio.
Gels stained for 6-phosphogluconate dehydrogenase show 
that this isozyme is determined at one variable locus. Faint 
additional bands in P. quadrilineatus and B. bidyanus are 
considered to be secondary. MacDonald (1978) found single 
banding in B. welchi and four percichthyids; Avise and 
Selander (1972) reported two alleles at this locus in one
study population. Buth (1977) reported 6-PGD to be dimeric 
in structure.
The complex pattern exhibited on gels stained for 
phosphoglucose isomerase (Figure 10(d)) was interpreted as 
follows. The banding patterns exhibited by L. unieolor 
and P. quadrilineatus specimens were considered to be the 
result of gene duplication and subsequent independent 
evolution - see discussion below.
The double banding exhibited at the cathodal primary 
zone (Pgi-2) in the L. unicclor specimens indicated that 
the individuals were heterozygous. Of the other fainter 
bands below the PGI-1 band shown in this species, one was 
considered to be the dimer and the others secondary.
The banding pattern associated with the Pgi-1 locus 
in P. quadrilineatus specimens indicates some individual 
intralocus variation; the triple pattern is thought to be 
due to reduplication of the locus. Double banding in the 
dimer zone in this species is interpreted as the result 
of duplication of the heterodimer band related to locus 
duplication.
In summary both Pgi-1 and Pgi-2 loci are polymorphic.
The mechanisms of gene duplication and independent 
evolution are considered by Shearer and Mulley (1978) to 
have produced the complex patterns at the Pgi loci in other 
teleosts tested (Avise and Selander, 1972). Avise and Kitto 
(1973) explained that the functional enzyme molecule was a 
dimer and as dimerization proceeds between polypeptides of 
the same locus, as well as between polypeptides of separate 
loci, three primary bands with associated secondary banding 
were observed from individuals homozygous at both loci.
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From Figure 10(e) it is concluded that the same primary 
phosphoglucomutase band stained in all species except 
L. unicolorj where an additional slower band was attributed 
to polymorphism at this locus.
The staining pattern in Figure 10(f) suggests Tetrazolium 
oxidase to be determined at one locus. Interpretation of a 
pale slower band in B. bidyanus is difficult, it may be that 
a second isozyme has stained but the mobility differential 
has resulted in a wide separating distance. Tetrazolium 
oxidase has been detected in a number of teleosts; Martin 
and Richmond (1973) have detected four alleles among four 
species and banding suggests this oxidase to have a dimeric 
structure in some percoids (Etheostomidae).
Heterozygosity
A total of 47 specimens representing seven species 
were tested for 27 enzymatic and non-enzymatic protein 
groups. Data were obtained for 36 isozymes and proteins 
determined by 36 loci and involving 38 detected alleles.
Only three positive heterozygous specimens were detected.
The calculated average heterozygosity per locus for 
each species tested is listed below:
3. bidy. S. bare. S. hill S. parv. H. fuli. L. unic P. quad
0.0000 0.0000 0.0107 0.0084 0.0000 0.0337 0.0000
These values must be considered maximal as they are 
based only on the 26 loci analysed; the additional invest­
igations have failed to detect any further positive heterozygotes 
These heterozygosity figures represent the amount of intra-
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specific genetic variation for each species and are relatively 
low; Nei (1978) stated that sample size for estimating hetero­
zygosity could be small, if a large number of loci were 
studied and average heterozygosity was low.
Aside from relatively high levels of heterozygosity de­
tected in interspecific hybrids (Shearer and Mulley, 1978), 
studies on teleosts have resulted in average heterozygosity 
values ranging from 0 to 11.2% - up to 0.11.
Of the 26 loci, for which verified data have been 
obtained and analysed, three (or 11.5%) have been 
demonstrated to be polymorphic, over the seven species tested. 
This level of polymorphism is comparable with levels from 
other fish studies and is probably high as no further poly­
morphic loci were detected in 36 investigated. Koehn (1971) 
maintained the main cause of polymorphism to be the necessity 
to adapt to ever altering environmental conditions. Of the 
19 loci surveyed in six Australian percichthyids (MacDonald, 
1978), four displayed polymorphism - over the group; B. welohi 
displayed polymorphism at the Phosphoglucose isomerase locus 
shown to be polymorphic in the current studies.
Genet ic Dis tanc e
When considering the distance results the following 
general points should be borne in mind. Firstly, numbers of 
individuals used for estimating genetic distance can be very 
low if genetic distance is large and average heterozygosity 
is low. Secondly, standard error of genetic distance is large 
when average heterozygosity is high (Nei, 1978).
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In Table 3, the very low value for the distance 
separating the S. hillii and S. parviceps suggests a very 
close relationship possibly as a result of recent divergence 
due to recent and/or temporary isolation of stocks. The 
dist’ance value separating the combined S. hillii - parviceps 
population from S. harcoo is 0.112±0.066 - that between the 
S. hillii-parviceps and H. fuliginosus populations is 0.125+
O. 073. Given these absolute distances and margins of over­
lap, when standard errors are taken into account it is 
apparent that S. harcoo and H. fuliginosus in Figure 11 (d)
are interchangeable. The lower genetic distance separating 
Scortum and Hephaestus species (0.139+0.073) also suggests 
less divergence between these groups than others. The much 
lower value separating 3. hidyanus and the Scortum - Hephaestus 
complex than the distances between any of the above species 
and either L. unicolor or P. quadrilineatus 3 confirms post­
ulated closer relationships of Sidy anus with Scortum and 
Hephaestus species than with Leiopotherapon or Pelates species. 
The slightly lower value separating L. unicolor and
P. quadrilineatus comparisons suggest that these latter 
genera are more closely related to each other than either
is to the Bidyanus - Scortum - Hephaestus complex. Considering 
distance magnitude the only reasonable conclusion to be drawn 
is that L. unicolor and P. quadrilineatus are as distantly 
related to each other as each is to all the other species; 
with degrees of divergence ranging from 0.484 to 0.502 the 
branch points, considering standard errors of 0.157 - 0.160, 
cannot be considered precise and the three phenograms 
Figures 11 (a), (b), (c) are equally likely.
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The interpretation of phenograms based on genetic 
distance is subject to several limiting considerations.
These are: disagreement as to the relative importance of 
mechanisms for genetic differentiation (Avise and Ayala,
1976); the fact that syntheses of this type are based on 
the assumption that rates of genetic divergence are constant 
across phyletic lines (Avise, 1974); the possibility that 
any trends detected, such as considerable polymorphism, may 
not reflect genetic events for the entire genome (Kornfield 
and Koehn, 1975).
The phenogram illustrated in Figure 11 (d) is a composite 
summary of relationships to a specific level based on the 
calculated values. With one exception, genetic distances 
separating BidyanusHephaestus and Seovtum species are 
similar to intergeneric and interspecific ranges. The 
S. parviaeps - S. hillii value is very low and considering 
the heterosis detected in the samples in the absence of 
morphometric and meristic studies it would be tempting to 
suggest these stocks represent a monospecific complex.
Turner (1974) interpreted the results of previous studies 
as showing that a high degree of genetic similarity was not 
typical of congeneric teleost species.
The low divergence value separating S. hillii and 
S. parvieeps suggests that the stocks of the latter species, 
confined to the upper Burdekin system, have only been 
isolated from S. hillii for a short interval. Both species, 
are currently allopatric in adjacent drainage systems. The 
author does not conclude that the observed divergence could 
only have occurred as a result of geographic discontinuity; 
as Avise and Ayala (1976) have pointed out, other processes,
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such as chromosomal reorganisation or changes in the repro­
ductive system which result in little change in structural 
genes, can produce divergence without physical disruption 
of stocks.
. In discussing relatively small genetic distance 
values separating teleosts that have undergone substantial 
morphological differentiation, Turner (1974) suggested diff­
erential genome evolution and coadaptation as mechanisms 
that could be responsible for the observed situation. These 
ideas have relevance to teraponids as they are associated 
with erratic, extreme environments. Turner indicated that 
large and frequent fluctuations in critical environmental 
parameters could demand very strong coadaptation among 
enzymes of central physiological pathways. Three further 
points arising from the current studies are listed below. 
Firstly, it is considered logical to expect that genomes 
of teraponid species contain a large proportion of distinctive 
alleles, with a concomitant high level of interspecific 
divergence. The ecological differences between marine and 
fluviatile habitats as well as the variety of environments 
utilized by each species, would induce varying selective 
forces.
Secondly, a substantial core of conservative loci 
has been detected. Avise (1974) pointed out that within a 
given group of congeneric species, some loci appeared to be 
much more conservative than others. It is suggested that 
the monomorphic loci showing no specific differentiation 
form part of a conservative group within the teraponid
genome.
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Thirdly, extensive ranges would suggest that 
stochastic processes have been of very limited importance 
in the development of most species in recent times.
Otherwise the distance phenograms have confirmed 
previously postulated relationships based on osteological, 
myological, morphometric and meristic features. Restricted 
sample sizes, the fact that only 25 loci were fully analysed 
and the possibility that detected polymorphism may not be 
reflected in entire genomes, suggest that distance values 
should be considered with caution as relationship indicators 
however, the low verified specific heterozygosities, the 
36 loci investigated, the relatively large genetic distances 
and low standard errors, all combine to suggest that cal­
culated distances are useful indicators of phylogeny.
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MORPHOMETRICS, MERISTICS,  ANATOMY
Introduction and Historical Review
Morphometric and meristic variation has been noted in 
a number of marine and freshwater teraponids. These include: 
Leiopotherapon unicolor (Ogilby and McCulloch, 1916);
Amniataba percoides (Ogilby and McCulloch, 1916; Whitley,
1943; Nichols, 1949); Amniataba affinis (Mees and Kailola, 
1977); Terapon jarbua (Vari, 1978); Hephaestus fuliginosus 
(Mees, 1971; Lake, 1971: 34; Mees and Kailola, 1977);
Hephaestus transmontanus (Mees and Kailola, 1977). Information 
about H. transmontanus is incomplete but the other species 
listed are all abundant over extensive geographic ranges.
Little is known of intra-populational variability in other
locally restricted species - some described
species are only known from small numbers of specimens.
Merrick (1973: 127), after a detailed study on a limited
number of Hephaestus species, concluded that meristics 
were the best characters for the discrimination of teraponids 
at the specific level.
Prior to the revision by Vari (1978) teraponid 
relationhips had been investigated using selected morpho­
metries and meristics as phenetic indicators. Vari analysed 
a large number of diverse characters and his study is the 
most comprehensive to date; however, only small numbers of 
specimens of many Australian fluviatile species were available. 
The familial key relies heavily on meristics and osteological 
features.
Substantial new material, unavailable to Vari, has 
recently come to hand and the current study has concentrated 
on two limited problems. These have been to investigate the
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separation of Hephaestus carbo and H, suavis on the basis of 
vertebral numbers, and, to examine speciation in the Scortum 
species group.
The distinct H. carbo was first described by 
Ogilby and McCulloch (1916) on two specimens from the Gregory 
River (western Gulf of Carpentaria Drainage Division). Two 
similar fish from the north-east of the same drainage division 
were described as H. suavis in 1948 by Whitley. As a result 
of previous unpublished work on the genus (Merrick, 1973) 
the author had detected sufficient variation in H. carbo to 
make it impossible to separate the two species by gill raker 
numbers, scale numbers or colouration.
After examining four H. carbo specimens from one 
locality and two H. suavis types Vari (1978: 294-5) maintained 
the species as distinct. Subsequently, further examinations 
were initiated on an enlarged study series concentrating on 
the diagnostic characters selected by Whitley and Vari.
Details of the Scortum species types are provided 
on p. 98 and the author initially experienced difficulty 
in separating the species in newly acquired material using 
external meristics and body colouration.
Vari's studies - based on four S. parviceps four 
S. hillii, three S. barcoo and two S. ogilbyi individuals - 
resulted in the relegation of S, ogilbyi to S, hillii synonomy. 
Subsequent examinations were done on enlarged study series 
concentrating on the diagnostic characters selected by Ogilby 
and McCulloch (1916), McCulloch and Waite (1917), Whitley 
(1951) and Vari (1978).
Materials and Methods
During this study only potential key features have 
been examined. The selection of these characters was based
- 78-
on those shown by previous studies to exhibit minimal or 
no overlap. All measurements and counts were taken according 
to Hubbs and Lagler (1964) - except where asterisked - and 
all modifications were designed to permit direct comparisons 
with Vari's data.
For analysis Scortum species were initially separated 
and designated on the basis of geographic localities.
Material Examined
Hephaestus carboy 29(88.0-168.0 mm) Gulf of Carpentaria 
Division.
Hephaestus suavisj 1(63.0 mm)>. Gulf of Carpentaria Division. 
Scortum parviceps> 22(80.5-291. .0 mm) North-east Coast 
Division.
Scortum hillity 19(32.0-312.0 mm) North-east Coast Division. 
Scortum barcoo, 15(156.0-269.5 mm) Lake Eyre Division.
Scortum ogilbyi, 18(77.0-271.0 mm) Gulf of Carpentaria
Division.
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Results
Hephaes tus
Tables 4 and 5 summarise morphometric and meristic 
values for all H. oarbo and H. suavis specimens examined.
Eye diameter (EYE D) and the ratio HL/EYE D are the 
only morphometric values that do not exhibit overlap and 
show a substantial mean difference between the H. oarbo 
sample and the single H. suavis type specimen. As the 
H. suavis specimen is substantially smaller than any avail­
able H. oarbo individual and the discontinuity involves 
features with growth dependent measurements, regression 
analyses were performed on the H. oarbo data to obtain pre­
dicted estimates of values in H. oarbo juveniles. The 
regression lines (Figure 12) show two things. Firstly, an 
expected decrease in both EYE-D and HL with increasing SL.
The equation for the HL% regression line is Y = 37.97 + x 
(-0.0238); the t-test shows the negative slope to be sign­
ificant (t = -2.53, P = 0.0176). The equation for the EYE- 
D% regression line is Y = 11.09 + x (-0.0271); the t-test 
shows the negative slope to be highly significant (t = -5.30, 
P <0.001) .
Secondly, the differential between predicted values 
for a small H. oarbo individual and the H, suavis type 
specimen is, in both measurements, substantially less than 
the deviation exhibited throughout the extensive H. oarbo 
size range.
Among the meristics the only external count to show 
substantial mean difference between the two species is the 
number of lateral line scales. Regression of this count 
showed a slight negative slope (-0.007); however, the t-test
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TABLE 4. Individual vertebral numbers for all clear H. carbo and H. suavis
specimens subjected to X-ray examination.
Species IdentificationNumber
SL
(mm)
Vertebral Numbers* 
Precaudal Caudal Total
H. carbo QM I. 10414 88.0 11 16 27
J.R.M • 70000-002 107.0 11 16 27
AMS I. 16118-004 111.0 10 17 27
AMS I. 16118-004 125.0 11 ' 16 27
QM I. 10414 126.0 11 16 27
AMS I. 16118-004 130.0 11 16 27
AMS I. 16118-004 132.0 10 17 27
AMS I. 16118-004 134.5 11 16 27
J.R.M • 70000-001 138.0 11 16 27
AMS I. 16118-004 141.0 10 17 27
J.R.M • 70000-003 143.0 10 17 27
QM I. 10414 148.5 11 16 27
AMS I. 16122-001 166.5 11 16 27
H. suavis AMS IB. 1982 63.0 11 16 27
TABLE 5• Summary of selected key morphometric and meristic values of all
H. suavis and H. carbo specimens. Numbers of individuals on which
data are based are listed in parentheses after the specific name.
Character H. suavis (1) H. carbo (29)Type Range Mean Type
SL (mm) 63.0 88.0 -168.0 136.5 126.0
SN-D% 43.7 40.7 - 46.2 43.4 43.3
HL% 25.7 32.9 - 37.6 34.7 32.9
SN-EYE% 11.1 8.7 - 11.9 10.7 9.9
EYE D% 10.3 6.0 - 9.7 7.4 7.1
UJL% 9.5 8.7 - 11.3 9.7 8.7
HL/SN-EYE 3.21 2.97 - 3.83 3.26 3.32
HL/EYE D 3.46 3.89 - 5.60 4.72 4.61
Gill Rakers Upper - 3 - 6 4.7 3
Lower 11 10 - 13 11.7 13
Total - 14 - 18 16.5 16
Predors Scales 21 17—  22 20.0 18
to Occiput
Anal Sheath 4 3 - 5 4.1 4
Scale Rows*
Scales Below LL 20 19 - 24 22.0 22
No. LL Scales 50 47 - 61 56.3 55
*Côunted as in Vari (1978)
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increase in size in H. oavbo (•) and H. suavis (X) . 
(a) HL%, slope of regression line is -0.0239 
(P = 0.0176; (b) EYE D%, slope of regression line
is -0.0271 (P < 0.001).
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indicated that this was not significant (P = 0.79). Although 
the H. suavis value is low it comes well within the total 
range of this count found in the H. carbo sample. Table 4 
demonstrates the variation that has been detected in the 
numbers of precaudal and caudal vertebrae - total vertebral 
counts have been constant. The exact position of insertion 
of pterygiophores cannot be discerned beyond doubt in H. carbo 
type specimen radiographs (QM I. 2445, 2446); however, 
clearer images of a further thirteen H. carbo specimens show 
precaudal counts of both 10 and 11 - see Plate 2.
Colouration - described and illustrated in Vari (1978: 
294, 295, 296) and depicted by Lake (1978: 137) is also
similar.
X-rays of two H. oarbo specimens.
(a) J.R.M. 70000-001 (SL 138.0 mm)
(b) J.R.M. 70000-003 (SL 143.0 mm)
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Scortum
All Scorturn species are illustrated in Plates 3 and 4. 
Table 6 summarises key morphometric and meristic values of 
all Scorturn specimens examined - all Gulf of Carpentaria 
Division individuals have been designated S. ogilbyi. Con­
siderable morphometric variation in the Burdekin system 
populations of S. parviceps has been observed. Table 6 
shows extensive numeric overlap in all three of the morpho­
metric measurements and direct graph plots confirmed that 
specific values were mixed throughout the common standard 
length range.
Among the meristics cheek and predorsal scale numbers 
show substantial overlap; however, the number of scales 
above the lateral line is lower in S. parviceps than other 
species. Total ranges show minimal overlap but a comparison 
of mean values shows the S. hillii mean to be 1.6 higher 
with S. barcoo and S. ogilbyi values being almost identical 
2.5 above the S. parviceps mean. The same situation applies 
with scales below the lateral line and the lateral line 
series; these two features are graphically represented in 
Figures 13 and 14.
The equations for the scales below the lateral line 
regression lines are listed below:
s. parviceps Y = 21.77 + X (0.0004); t=0.116 : P = 0.909.
s. hillii Y = 21.86 + X (0.0096) ; t=l.059 : P = 0.309.
5. barcoo Y = 26.89 + X (0.0028); t=0.267 : P = 0.794 .
s. ogilbyi Y = 24.69 + X (0.0207) ; t=3.403 : P = 0.004.
Although the regression slopes (except S. ogilbyi) do not 
significantly differ from zero and the regression values are 
not widely divergent the 5. parviceps and S. hillii lines are
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Figure 13. Direct plot of transverse scale rows below 
lateral line against standard length for 
S. hillii ( 3 ) ,  S. parviceps ( A ) ,  S. ogilbyi 
(©) , and S. barcoo (d)) with regression lines 
for each species; for details of individual 
regression lines refer to text.
Figure 14. Direct plot of scale series above lateral line 
against standard length for S. h'ilZ'L'i ( S I ) /
S. parviceps (A), S. ogilbyi (0), and S. barcoo 
($) with regression lines for each species; for 
details of individual regression lines refer to
text.
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distinct both from each other and the intersecting 5. barcoo 
and 5. ogilbyi regressions. The unusual size distribution - 
many small specimens, a few very large individuals and no 
intermediates - within the S. ogilbyi sample is considered a 
possible cause for the significant result for this species.
The equations for the lateral line series regressions 
are listed below:
5. parviceps Y = 58.30 + X (-0.0018); t=-0.158 : P = 0.877.
5. hillii Y = 59.96 + X (0.0253); t=l.183 : P = 0.258.
S. barcoo Y = 72.79 + X (0.0107); t=0.398 : P = 0.698.
S. ogiIbyi Y = 70.02 + X (0.0326); t=2.730 : P = 0.015.
Again the regression slopes (except S. ogilbyi) do not sign­
ificantly differ from zero; however, substantial divergence 
is demonstrated. S. hillii and S. parvicsps lines are distinct 
from each other and distant from the intersecting S. ogilbyi 
and S. barcoo regressions. The significant S. ogilbyi result 
is attributed to the skewed sample.
Irregular squamation in the lateral line region was 
noted in some individuals of all species; however, the 
regressions indicate that there is no increase in scale 
numbers concomitant with rising SL.
Although total vertebral number is constant - except 
for an abnormal S. barcoo individual - there is some variation 
in the differentiation of precaudal and caudal vertebrae.
Whilst North-east Coast S. parvicsps - including the holotype - 
and S. hillii had constant 11 + 14 counts, Gulf of Carpentaria 
S. ogilbyi individuals exhibited 11 or 12 + 13 or 14 counts. 
With the exception of the abnormal individual already mentioned 
which exhibited a number of osteological deformities sub­
sequently described - Lake Eyre S. barcoo had constant 12 + 13
counts.
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Dissection of the alimentary canal of S. baraoo 
(Figure 15) reveals an intestinal convolution pattern of 
the second type found in other Saoroum species and described 
by Vari (1978: 201)
Extensive aquarium observations of all Saortum species 
except S. ogilbyi have shown tremendous inter- and intra­
specific colouration variation as well as regular diurnal and 
erratic daily colour changes within one individual over time. 
Variability observed in current studies is illustrated in 
Plates 3 and 4.
Chromatophore patterns in all Saortum species have two 
common characteristics: (a) an overall dark colouration or
darker back and lighter undersides; (b) differing numbers 
of variably sized, shaped and irregularly positioned dark 
blotches are usually present.
Two additional specific observations made on small 
numbers of captive individuals during the current studies 
are listed below. Firstly, under reduced lighting conditions 
or at night both S. hillii and S. baraoo lose both spots 
and background colouration to become silver. Secondly, both 
S. parviaeps and S. baraoo individuals have been observed 
to gain or lose blotches from day to day. These two 
observations could not be associated with sex, size or tank 
background.
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Figure 15. Diagram of the intestinal' convolution pattern in 
Soovtum bavcoo (J.R.M. 30000-020: SL 188.5 mm) 
from left hand side. Outline of large stomach 
dotted (S); total intestinal length 0.41 m.
0 = oesophagus, A = anus.
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Plate 3. Illustrations or morphometric and colouration variation 
in Scortum species.
(a) S. parviceps (SL 270.0 mm) from Fletcher Creek - 
tributary of upper Burdekin River, N.E. Qld.
(b) S. hillii (SL 221.0 mm) from Dawson River, E. Qld.
(c) S. hillii juvenile (SL 32.0 mm) from Mackenzie 
River, E. Qld.
(d) S. ogilhyi (SL 105.5 mm) from Gilbert River, N.W. 
Qld. Print from J.S. Lake photograph.
Plate 4. Illustrations of morphometric and colouration variation
in Scortum harcoo.
(a)
(b)
(c)
(d)
S. harcoo (SL 228.5 mm) from Wilson River, S 
Qld., under daylight conditions.
S. harcoo (SL 224.0 mm) from Wilson River, S 
Qld., under daylight conditions 
S. harcoo (SL 260.0 mm) from Wilson River, S 
Qld., left hand side (L.H.S.) under daylight 
conditions.
S. harcoo (SL 260.0 mm) from Wilson River, S 
Qld., R.H.S. under daylight conditions.
.W.
.w.
.w.
.w.
Plate 3
Plate 4.
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Discussion
Hephaestus
Comparisons of all morphometric measurements from the 
large H. carbo sample and H. suavis type show that clear morpho­
metric differences occur in EYE D and HL/EYE D values; however, 
regression analyses have demonstrated that the differentials 
between the H. suavis values and the predicted values for a 
similarly sized H. carbo are well within the limits of intra­
specific variation found in the latter species.
The only meristic count that could be used to distinguish 
the two groups of specimens is the number of lateral line scales 
however, the relatively low H. suavis value could not be 
attributed to small size. Regression analysis did not detect 
any increase in squamation with rising SL and the H. suavis 
value comes within the H. carbo range for this count.
Radiography has shown that H. carbo and H. suavis cannot 
be separated on the basis of vertebral numbers. Even allowing 
for the difficulty in distinguishing precaudal from caudal 
vertebrae in some individuals - especially small specimens - 
clear differences in precaudal and caudal numbers among 
similarly sized individuals captured at the same site and time 
have been demonstrated (Plate 2 ); Vari's sample consisted 
of just such a variable group. Variation in vertebral numbers 
has also been noted in L. unicolor and S. barcoo during the 
current studies; and vertebral number variation associated 
with physicochemical fluctuations during early development 
has been described previously (Woods, 1968).
The absence of definite discontinuities in the features 
discussed above combined with the similarity in the chromato- 
phore pattern - unique within the family - confirm suspicions
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indicated by Vari (1978: 297) and Mees and Kailola (1977)
that H. suavis was in fact a juvenile of H. carbo. Vari's 
other key character of differential caudal emargination (not 
illustrated) is not considered acceptable by the present 
author in view or variation observed and the ease which the 
caudal margin is damaged.
Scortum
Three scale counts, transverse rows above the lateral 
line, transverse rows below the lateral line and the lateral 
line series can be used to differentiate the Scortum species. 
Where divergence is discernible the generic data split into 
two groups. S. parviceps and S. hill'd values are always 
closer to each other than to S. barcoo or S. ogilbyi . Values 
for the latter species are either mixed over the common 
standard length range or mutually exclusive with intersecting 
regressions.
Unfortunately, with the exception of S. parviceps 3 it 
has not been possible to compare values of the study series 
with those of type specimens (for a detailed discussion of 
Scortum type specimens see next page). All S. parviceps holotype 
values are well within the character ranges for the series.
The regressions did not detect any trend to increasing 
scale number with increasing size and though similar in magnitude 
values for S. parviceps and S. hillii were distinct in both 
cases; however, S. barcoo and S. ogilbyi regression lines 
intersected in both cases. Considering the skewed S. ogilbyi 
sample and relatively low sample numbers the most parsimonious 
conclusion is considered to be that the three scale counts 
discussed above are the same in S. ogilbyi and S. barcoo.
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The extensive radiographic investigations have con­
firmed the basic numbers suggested by Vari (1978); one 
S. ogilbyi specimen (AMS I. 17942-008) used by Vari was 
re-examined and the 11 + 14 count confirmed. But aside from 
one abnormal specimen, the variation demonstrated in 
S. ogilbyi precaudal and caudal counts indicates that this 
meristic has limited use as a key character.
The scale counts discussed above indicate that 
S. parviceps and 5. hillii are distinct if closely related 
species; however, the lack of morphometric-meristic dis­
continuities combined with similar intestinal convolution 
and chromatophore patterns have made it impossible to 
separate the Lake Eyre and Gulf of Carpentaria populations 
although both are distinct from S. parviceps and S. hillii.
It should be noted that localities in the S. hillii 
material list in (Vari, 1978: 305) cover North-east Coast,
Gulf of Carpentaria and Lake Eyre Drainage Divisions.
Inclusion of the first two divisions is consistent with 
synonomising S. ogilbyi and S. hillii', however, assuming 
correct labelling and Museum records, whilst specimens 
from the Thompson River (ANSP 95571) could be identified 
as S. ogilbyi the current studies show that they could not 
be designated as S. hillii.
The intestinal convolution pattern and dentition (a 
front row of large teeth followed by a band of small needle­
like teeth) found in Lake Eyre S. barcoo specimens confirm 
the placement of this species in the genus Scortum rather than 
"Ping all a - a possibility suggested by Vari (1978 : 307).
The results of this study indicate that the Gulf of Carpentaria 
and Lake Eyre Drainage Division populations represent a 
variable monospecif ic complex.
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5. barooo (McCulloch and Waite, 1917) and S. ogilbyi 
(Whitley, 1951) were each described on the basis of a single 
specimen and although the holotype status of the 5. barooo 
specimen (SAM F. 507) is in no doubt, it has not been 
available and is thought to have been temporarily mislaid.
The situation with S. ogilbyi is more complicated. Whitley's 
original description was based on an individual approximately 
9 inches long from the Norman River in north west Queensland.
This specimen was, in turn, one of four used by Ogilby and 
McCulloch (1916) in their re-description of S. hillii. None 
of the authors concerned provided registration numbers or 
designated holotypes. The status of all four syntypes is 
unknown and they are presumed lost.
As the specific name "barooo" was validly proposed first 
(1917) it has*priority and should be used for all Lake Eyre 
and Gulf of Carpentaria Soortum populations.
Key
The following key lists the characters by which the 
three species included in Soortum may be positively identified.
1A Number of scales in lateral line series 69-84, number
of scales below lateral line 23-32; number of scales 
above lateral line 10-13, precaudal and caudal vertebral 
numbers usually 12 + 13 less frequently 11 + 14..S. Barooo
IB Number of scales in lateral line series up to 73, number
of scales below lateral line 20-26, number of scales 
above lateral line 8-11, precaudal and caudal vertebral
numbers 11 + 14 2
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2A Number of scales in lateral line series 53-63, number
of scales below lateral line 20-23, number of scales 
above lateral line 8-10................. S. parvioeps
2B Number of scales in lateral line series 59-73, number
of scales below lateral line 21-26, number of scales 
above lateral line 9-11.................... S. hillii
Systematic Conclusions
The following general discussion is based on the 
results of all systematic investigations completed in this 
study.
Although the familial sagittal description, generic 
and specific diagnoses and detailed species descriptions are 
useful contributions to knowledge of the Teraponidae the 
analyses of sagittal structure have not clarified inter- or 
intra-familial relationships to any degree, but some in­
teresting points have been raised. Closest relatives are 
still unknown; however, suggested plesiomorph features 
include an elliptical shape, short ostium and longer narrow 
cauda with a short gradual ventral posterior curvature and 
minimal marginal ornamentation.
Substantial intra-specific variation in sagittal 
structure has been observed associated with shape, sulcal 
features and marginal ornamentation; the lower principal 
attribute contributions and large numbers of features with 
high Cramer values indicate that no conspicuously distinct 
key attributes have been elucidated. The variation noted 
above - some associated with growth - combined with the 
fact that the teraponid asteriscus and lapillus are very 
small to microscopic lead the author to the following
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conclusion. For the reasons listed previously this type 
of study is considered potentially fruitful but for the 
time being use of sagittal structure as a taxonomic tool 
to delineate teraponid species will be very limited.
The numeric analyses emphasised the following:
L. unicolor and P. humeralis are divergent from each other 
and from other teraponids; Bidyanus3 two Scortum and 
Pingalla species are closely associated but S. barcoo appears 
more closely related to H. fuliginosus.
Combining the electrophoretic results for B. welchi 
(MacDonald, 1978) with data derived in this study, the 
following conclusions are drawn. In the eight teraponid 
species tested: allele fixation is high, heterozygosity 
values are relatively low; polymorphism levels are comparable 
to those in other fishes; the genetic distance values reflect 
the accepted relationships with Leioiptherapon and Pelates 
distance from each other and from the Bidy anus - Hephaestus - 
Scortum complex; the intergeneric and inter-specific genetic 
distances among the Bidyanus3 Hephaestus and Scortum species, 
with one exception, agree with previously determined values 
for supra-specific teleost relationships. The slight genetic 
divergence between S. hillii and S. parviceps would, on the 
basis of published figures, suggest that these stocks were 
conspecific, however, the subsequent morphometric and 
meristic studies summarised below indicate that this is not 
the case.
As H. suavis and H. carbo specimens cannot be dis­
tinguished it is concluded that the former species was 
described from juveniles of the latter. Since the specific 
name "carbo" was validly proposed first (1916) it has priority
and the specific epithet "suavis" should be placed in 
synonomy.
Whilst substantial intra-specific variability has 
been demonstrated within the Scortum complex, it can basically 
be split into a S. baraoo-ogilbyi group - the two drainage 
division populations examined are indistinguishable - and 
the S. hillii - parviceps group. The last two species may 
be separated on scale counts. The specific name "baraoo" has 
priority and "ogilbyi" should be placed in synonomy.
Though variable the diagnostic features on which 
Vari (1978) erected Scortum are present in S. baraoo and the 
genus is accepted; however, sagittal and electrophoretic 
results have independently grouped S. baraoo in particular 
with H. fuliginosus rather than Bidyanus species. This 
result suggests that the sister group relationship of Bidyanus 
and Scortum3 postulated by Vari (1978), should be questioned.
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REPRODUCTION
Introduction and Historical Review
Knowledge of teraponid reproduction is scant and 
whilst general points are reviewed briefly below all specific 
observations - previously published, unpublished personal 
communications and those made during the current studies - 
have been summarised in Table 14 in Appendix 4.
The only studies of teraponid gonads are those of 
Mane (1934) on Leiopotherapon plumbeus and Lake (1967) on 
Bidyanus bidyanus. No published records of teraponid gonado- 
somatic indices have been found, and with the exception of 
Leiopotherapon unicolor (Llewellyn, 1973), no sexual dimorphism 
has been reported in the family either. The importance of 
physical water factors such as temperature, flow and depth 
to spawning in freshwater teraponids has been considered by 
Lake (1967: a, b3 c; 1971: 34-35), Glover and Inglis (1971)
and Llewellyn (1973). Important physical factors for repro­
duction in marine teraponids have not been investigated 
systematically.
Wide variability in chemical water quality in fluviatile 
and coastal environments has now been well documented (Bayly 
and Williams, 1973: 148; Bayly, 1975; Kowarsky, 1975;
Williams and Buckney, 1976; Timms, 1976, 1977; Johnson and 
Muir, 1977) and to date no investigations of chemical influences 
on teraponid reproduction have been published. The possibility 
that a chemical or combination of compounds associated with 
soil is concerned with spawning in B. bidyanus is discussed by 
Lake (1967, b).
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Evidence for movements in association with teraponid 
spawning in freshwaters is included in studies by Llewellyn 
(1968, 1973) and Cadwallader (1977). The relationship of 
climatic regime to population movement in freshwater species 
is briefly discussed by Lake (1971: 10, 11). The only
reference found to pre-spawning interactions between individuals 
in any teraponid was that by Lake ( 19 672?) concerning 3. bidyanus.
Observations of individual and group spawning interactions, 
times and duration of activities in four freshwater and one 
marine species have been made by Ogilby and McCulloch (1916), 
Randow (1934 ) , Lake (19672?) , Merrick and Midgley (1976) ,
Llewellyn (1973), Cadwallader (1977) and Lake (1978: 55).
Spawning season duration and frequency has been referred to 
by Ogilby (1893: 27), Paradice and Whitley (1927), Mane (1934 .),
Munro (1945), Zvjagina (1965), Lake (19672?) and Llewellyn (1973). 
Differential sexual maturation and the occurrence of partial 
spawnings in two freshwater species are mentioned by Cadwallader 
(1977) and Lake (1978: 55).
Egg types have been determined in two marine and six 
freshwater species (Munro, 1945; Breder and Rosen, 1966: 403- 
4; Lake 19672?; Llewellyn, 1973; Merrick and Midgley, 1976;
Lake 1978: 54, 59). The only parental care recorded is that
by the male of a marine species (Breder and Rosen 1966: 404; 
Sterba, 1973: 618).
Less is known about development in marine species than 
freshwater forms. Observations on pro-larvae have been made 
in one marine and four freshwater species (Lake, 19672?;
Llewellyn, 1973; Sterba, 1973: 618; Merrick and Midgley, 1976; 
Lake, 1978: 55, 57-58). Post-larval stages have been observed 
in one marine and three freshwater species (Munro, 1945; Lake,
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1967-?; Llewellyn, 1973; Merrick and Midgley, 1976) .
There are no literature records of diseases affecting 
either eggs or larval teraponids. One reference to juvenile 
pathology, under intensive culture conditions, has been found 
(Shearer, 1977). Abnormalities in four freshwater species 
have been reported (Lake, 1971: 34; Llewellyn, 1973; Vari,
1978: 245, 282, 286).
In recent years, with growing interest in Australian 
freshwater fisheries, demand has increased for reproductive 
information on native fishes. Biological-reproductive data 
are especially needed for angling species to firstly, permit 
effective management of existing wild populations, and 
secondly, establish new impoundment fisheries. The current 
studies have concentrated on H. fuliginosus and B. welohi 
and the main objectives were: to ascertain minimum maturation 
sizes, fecundity and spawning timing; to examine and describe 
physicochemical influences on spawning, prespawning and 
spawning behaviour and early developmental stages in both 
species; to investigate growth and spawning seasonality in
H. fuliginosus; to report observations of predation, disease 
in early development and abnormalities.
Isolated new observations on other species have been 
included in the summary Appendix Table 14.
Materials and Methods
The gonadal material used in this study was divided 
into the five classes listed below:
I. Virgin or maturing virgin;
gonads very small, transparent, translucent; no
visible eggs.
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2. Developing:
gonads medium-sized, opaque, reddish with blood 
capillaries (especially ovaries); eggs visible to 
the eye as whitish granules.
3. • Developed or gravid:
testis reddish-white; ovary orange-reddish; eggs 
clearly visible, round, opaque or translucent.
4. Running ripe:
testis reddish-white; ovary orange-reddish; eggs 
clearly visible; some abdominal distension; free ova 
or a milt stream are exuded when light pressure is 
applies above vent.
5. Recently spent or resorbing:
gonads small, grey-red or grey; no visible eggs.
Reasons for the development of the above rating system are out­
lined in discussion.
Minimum maturation size estimates were based on the 
smallest individual that had attained stage 3 maturity or had 
previously spawned. In considerations of H. fuliginosus growth 
patterns, data did not include values from any intra-specific 
variant individuals with blubberlips or golden colouration.
The relationships of H. fuliginosus length-weight data 
were investigated by subjecting values to a standard logarithmic 
regression by the method of least squares (Snedecor and 
Cochran 1976: 147) and drainage populational regression co­
efficients were compared using the standard test and procedure 
outlined in Bailey (1976: 99).
Fecundity estimates were made on formalin preserved 
material;- a comparison of total ovary weight with a sample 
of up to 550 oocytes provided an estimate of total egg 
production.
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Prespawning requirements have been analysed by the 
following procedures. Firstly, physicochemical factors such 
as water temperatures and stream flow, measured when mature or run­
ning ripe individuals were collected, were compared with 
stream flow records for periods up to a month before sampling. 
Secondly, stream flow patterns were correlated with unpublished 
observations pertaining to possible long and short migrations. 
Thirdly, the stream data and movement observations were 
correlated with observed group and individual interactions 
both in the wild and in tanks.
All tank spawning studies were done in small shallow 
circular tanks (1.8 to 2.5 m diameter, 0.3 to 0.8 m depth) 
with circulation and/or aeration and some temperature 
regulation using immersion heaters rated at 0.15 to 3.0 kwT.
Plastic floats were provided as shelter for experimental 
animals and a weighted net usually covered the whole tank.
In later trials sexing and oocyte maturity was assessed 
by the cannulation technique (Bardach et at, 1972: 283) described
below. Once the specimen to be examined had been anaesthetized, a 
thin glass 0.5 or 1.0 ml pipette stem was inserted through 
the vent into the central ovary. A flexible tube attached to 
the outer end of the glass tube was used to apply a low 
suction pressure drawing eggs into the glass tube. By sealing 
the end of the flexible tube and withdrawing the complete 
cannula from the fish, an egg core was obtained.
The only anaesthetic used was quinaldine (Gilderhus et al3 
1973(a)^ (b); Sills et al3 1973). Hormone was administered by means 
of intraperitoneal injections (Fontenele, 1955; Sneed and Clemens, 
1960; Flüchter, 1972; Middaugh and Yoakum, 1974) . In all cases the 
hormone was human chorionic gonadotrophin (H.C.G.): both pharma­
ceutical and veterinary grades were used. Homogeneous solutions as
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well as heterogeneous coarse extracts (including ground 
pituitary glands) were injected; the total volume of any 
one injection was restricted to approximately 1.0 ml. All 
pituitary glands used in induction trials were dissected 
whole, from freshly dead European Carp (Cypvinus carpiojj 
dehydrated in standard reagent acetone and stored dry. In 
all cases the injection was given at the base of the pelvic 
fin.
Spawning frequency or seasonality in H. fuliginosus 
was investigated by constructing histograms correlating 
gonadal maturity percentages with sub-annual time intervals.
Fertilized eggs obtained from natural or induced 
spawnings were cultured in aquaria with sub-gravel-sand 
filtration and vigorous aeration ensuring continuous uplift 
circulation; temperatures were controlled and monitored.
Detailed descriptions of developmental stages were 
compiled from restricted samples; developmental terms used 
are those according to Hoar and Randall (1969: 178) and
Balinsky (1970) ; any individuals which have completed the 
post-larval phase are referred to as juveniles. All develop­
mental times are computed from the observed or estimated time 
of commencement of spawning. Photographs of developmental 
stages were taken, where possible, immediately after fixation 
so that the increase in tissue opacity occurring after death 
did not impair resolution. Reference series were retained 
in 5% formalin.
Material Examined
Full collection details of all specimens examined are
included in Appendix 4 .
— i 0 8 —
Hephaestus fuliginosus3 26(120.0-285.0 mm) Timor Sea Division
89(140.0-440.0 mm TL) Gulf of Carpentaria Division; 79( 
120.0-495.0 mm TL) North-east Coast Division.
Bidyanus welchi3 8(170.5-275.0 mm) Lake Eyre Division.
Results
Hephaestus fuliginosus and Bidyanus welchi 
Maturity, Size, Growth and Fecundity.
All available data of lengths, weights, gonad ratings 
and oocyte production for H. fuliginosus and B. welchi are 
listed in Appendix 4 (Table 15.) and summarised in Table 14.
Among 36 H. fuliginosus females from the North-east 
Coast Drainage Division the minimum maturation size noted 
was 265.0 mm (TL) and 310 g. The minimum maturation size 
noted for a male was 190 mm (TL) and 85 g; these values 
were based on data from 29 individuals. In the Gulf of 
Carpentaria Drainage Division population, among 54 females 
the minimum maturation size noted was 240.0 mm (TL) and 200 g. 
The minimum maturation size noted for a male was 255.0 mm 
(TL) and 200 g; these values were based on data from 21 
individuals. Among eleven Timor Sea Drainage Division females 
the minimum maturation size noted was 261.0 mm (SL) and 550 g. 
The minimum maturation size noted for a male was 183.0 mm 
(SL) and 210 g.
Direct plotting of length-weight data showed the 
expected continuous asymptotic, increasingly allometric growth 
pattern in 188 specimens from the three drainage division 
populations. Logarithmic regression analyses (Figure 16) 
of North-east Coast females, North-east Coast males, Gulf of 
Carpentaria females, Gulf of Carpentaria males and total 
Timor Sea sample gave the conventional relationship W = aL ,
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where W is weight (g) , L is total length (mm) and a and b are 
constants. Equations for the samples from North-east Coast
and Gulf of Carpentaria divisions are listed below:
Gulf pf Carpentaria
females : W = 3.06 x 10“6 X L (3 .27) / t = 39.446: P < < 0.001
males : W = 3.16 x 10“6 X l (3*26) / t = 24.426: P << 0.001
North-east Coast
females : W = 1.66 x 10“6 X L (3.39) / t = 25.179 : p < < 0.001
males : W = 3.05 x 10“6 X l (3*29) / t = 24.788: P < < 0.001
The relatively small sample sizes, the small differentials 
between b values and standard errors between 0.083 and 0.135 
contributed to the conclusion that there were no growth pattern 
differences between the sexes in either drainage population and 
that further quantitative comparison of sexual regression co­
efficients was unwarranted.
Equations for the combined (total) drainage division 
samples are listed below:
Timor Sea
W = 3.14 x 10-5 x l (3,00); t = 26.148: P << 0.001 
Gulf of Carpentaria
W = 4.17 x 10-6 x l (3,21); t = 54.060: P << 0.0C1 
North-east Coast
W = 4.86 x 10“7 x l (3*61); t = 48.907: P << 0.001
W
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)
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Figure 16. Relationships of length to weight in North-east Coast (A), 
Gulf of Carpentaria ( • ), and Timor Sea Drainage populations 
of H. fuliginosus ( V ) . Some points represent more than one 
datum point. For details of individual regression lines 
refer to text.
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When total drainage division regression coefficients 
were compared it was found that there was no significant 
difference between the Gulf and Timor Sea patterns (D = 1.64,
P > 0.01); however, the North-east Coast coefficient 
significantly different from both. In the comparison of 
Gulf and North-east Coast D = 4.17 and P < 0.001; in the 
comparison of Timor Sea and North-east Coast D = 4.44 and 
P < 0.001 (D at P 0.01 = 2.576).
Seven fecundity estimates for this species have been 
taken from specimens between 160.0 and 365.0 mm in length 
and 50 to 785 gms in weight; oocyte numbers have ranged from
16.000 to 107,000. Expected fecundity ranges of 25,000 -
30.000 for a female 150.0 mm in length up to 100,000 - 110,000 
for a female 370 mm in length, are suggested.
Within the small Bidyanus weIclni.sample a female was 
mature at SL 247.0 mm with an estimated fecundity of 50,000- 
100,000; male B. welchi specimens were mature from SL 210.0 mm
Prespavning Requirements, Behaviour.
Physicochemical Factors
Water temperatures measured when mature, running or 
recently spent H. fuliginosus have been captured range from
25.0 to 30.0°C (S.H. Midgley, J.R. Merrick, unpublished data).
S.H. Midgley (pers. comm., 1975) recorded the capture 
of two spent female H. fuliginosus (0.74, 0.88 kg) in the 
Burdekin River, at the Valley of Lagoons Station on 25 November 
1975; subsequent investigation of stream data taken locally, 
showed that there had been a rise in water level of 0.6 m in 
this area of the Burdekin on 24 October, 1975. On 15 December, 
1975, a group of H. fuliginosus were observed spawning in
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Cameron Creek - not part of the Burdekin system - and here 
again stream data revealed that the level of Cameron Creek 
had risen by 0.2 m on 13 December, 1975 and that this 
higher level had been maintained until the spawning observation.
A similar observation was made on the Western Gulf 
population. A single mature female was collected from the 
O'Shanassv River on Riversleigh Station on 6 April, 1969.
This river had flooded and peaked at 4.5 m on 24 March in 
the same area; water levels had fallen to 0.5 m by 27 
March (S.H. Midgley, pers. comm., 1970).
Full details of the natural H. fuliginosus spawning 
site and conditions are provided below and illustrated in 
Figure 17. The weather was sunny and calm.
Cameron Creek is a tributary of the upper Herbert 
River and the observations were made upstream of the Glen 
Ruth Station homestead. Cameron Creek flows through a steep­
sided valley in the area of interest; refer to the profile 
(a) in Figure 17. The upper slopes of the valley were covered 
by a eucalypt woodland of medium density. Trees bordering the 
stream were mainly Eugenia (Suzygium) sp. and callistemons. 
Native grasses formed the ground cover.
S.H. and M. Midgley observed the fish spawning in the 
top end of 10 m wide shallow rapids about 0.2 m deep and 
extending for approximately 100 m, gradually deepening and 
narrowing into the pool downstream. The rocks in the rapids 
varied from cricket-ball size to boulders one metre in diameter. 
A number of physicochemical water factors were measured at 
the spawning site and the values showed the water to be: 
flowing at 1.0 m/sec; relatively clear - Secchi disc reading 
1.5 m; warm - 25.0°C; neutral - pH 6.8; very low in dissolved 
salts, alkalinity and hardness.
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Figure 17. Diagrams of the H. fuliginosus spawning site in Cameron 
Creek, north-eastern Queensland. Illustrations 
are not drawn to scale, but are designed to show 
the important dimensions and features of the site:
(a) topographical profile of immediate stream 
drainage, looking downstream with the right-hand 
bank to the right; (b) general stream-bed profile;
(c) stream-bed profile, looking downstream, at top 
of rapids; (d) elevation view of spawning area and 
adjacent stream, dotted zone indicates area within 
which a search was made for eggs.
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Behaviour
Following the disturbance and dispersal of the previously 
mentioned H. fuliginosus spawning group, Midgley surveyed the 
stream for a distance of 0.5 km downstream. Not a single 
individual was observed. H. fuliginosus is an active, curious, 
gregarious, schooling species, with the largest specimens 
becoming more solitary - at least during the dry season 
(J.R.Merrick,pers. observation, 1970).
Plate 5(a)illustrating the lower Burdekin River and the 
adjacent swamps, shows that extensive migration would be 
possible at certain times of the year. In both the North-east 
Coast and Gulf of Carpentaria Drainage Divisions H. fuliginosus 
is reported to occur in lower reaches close to the limits of 
tidal influence (Midgley, pers. comm., 1972).
Likewise Plate 5(b), illustrating part of the Lake 
Eyre Drainage in flood, shows that extensive migration of 
species such as 3. welohi would be possible during restricted 
periods of the year.
Prespawning interactions and observations between 
individuals (under regulated conditions) of H. fuliginosus 
and 3. welohi are summarised in Table 7.
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Plate 5 . Aerial photographs showing localised drainage 
systems in two divisions.
(a) Lower Burdekin River (North-east Coast 
Drainage Division) showing main river 
channel and intervening mangrove swamps, all 
inter-connected at flood time. Photograph 
reproduced from Viewpoint No.7. Aust. Conserv 
Foundn., September, 1972.
(b) Cooper Creek (Lake Eyre Drainage Division) 
in flood. Aerial view looking south from 
Windorah. The permanent courses of the two 
channels of Cooper Creek, which begin at the 
junction at the bottom centre, can be traced 
by the lines of trees. North of this point 
Cooper Creek was esimated to be 100 km wide. 
Copy of photograph published in the Courier 
Mail, 16 February, 1976.
bPlate 5
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table 7 . Summary of prespawning interactions under regulated conditions 
of two teraponid species.
Species Behaviour Patterns
H. fuliginosus Considerable non-aggressive activity - male more active.
Male continually swimming at slight angle (i.e. nose down), 
using pectorals as main propulsion; body held stiffly, 
caudal peduncle, fin used as rudder.
Intermittently, male approaches female from behind at 
same depth at moderate speed and closely follows, main­
taining snout adjacent to vent. This following pattern 
is brief to prolonged. A sequence of reactions (pre­
spawning foreplay) - initiated by the male - consists of 
the following stages:
(a) male swims towards female, from the side, aiming 
for mid-flank, at moderate speed at the same depth;
(b) male dives shallowly when closely approaching 
female and passes underneath her;
(c) at close approach of male; female moves forward 
in a tight U-turn, tilting inwards on her side, 
before proceeding into a shallow dive as she 
assumes normal vertical position.
Frequency with which male approaches and attends female 
increases towards spawning.
When two males are competing for one female, one male 
may aggressively "escort" the other male to prevent 
access to the female; no fighting has been observed. 
Female prefers cover; when in open, swimming action is 
normal except for brief intervals when she swims at a 
slight angle.
Basic female swimming pattern is circling but speed 
gradually increases towards spawning, with bursts of 
acceleration when closely approached by the male. Female 
may actively approach a "disinterested" male towards 
spawning.
B. welchi. Considerable activity by both sexes. Males change from
dark to light colouration towards spawning.
Male intermittently swimming above female for short 
periods.
Towards spawning both males closely follow female (snout 
to vent) for short periods; both males infrequently 
nudge female in vent area.
Female exhibits an aggressive phase chasing approaching 
males - preferring cover.
Towards spawning female actively schools with males in 
circular swimming patterns.
For diagrams of H. fuliginosus patterns see Figure 18.
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Natural spawning
At 2.00 p.ra. on 15 December, 1975, in sunny still 
conditions approximately 50 individucils (estimated size range 
0.3 to 0.6 kg.) were observed in a small shallow eddy against 
the bank. Within this eddy, approximately two square metres 
in area and 0.2 m in depth, the fish were tightly grouped, 
some with their backs out of the water. It was impossible 
to observe individual behaviour as the fish were packed 
together closely. See Figure 17 for details of spawning site.
The group was disturbed only on close approach and 
dispersed upstream. Six specimens were immediately captured 
by angling. Of the three females taken two were spent and 
one mature but unspent; of the three males taken two were 
spent and the third running milt.
Following capture of the spawning group sample, an
intensive search for eggs in the stream bed was undertaken.
Limits of the search area are shown in Figure 17(d). No eggs
were collected for 20 m upstream from the position where
the group was observed. Eggs were collected from- the spawning
2eddy and in several smaller eddies (each approximately 0.5 m 
in area) downstream for a distance of 20 m. The greater the 
distance downstream the smaller the numbers of eggs found.
The distribution of sites where eggs were found is shown in 
Figure 17(d).Eggs collected were retained and their development 
monitored - for details see pages 128-141,
Tank Spawning
Details of individual trials on both species are 
summarised in Table 8 . Behavioural observations made during 
five tank spawnings of H. fuliginosus are summarised below.
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Spawning activities were observed to continue for 
several hours. The males were continuously active - the 
females hovered or swam at slow to moderate speed - depending 
on the male's movements. Four basic behaviour patterns 
(illustrated in Figure 18) were observed. Firstly, 
circling at slow to moderate speed usually near the surface; 
the angled gliding mode of swimming (using pectorals) was 
used. Secondly, the chasing behaviour described in the pre­
spawning section; the male never approached at an angle of 
90°C and usually came from the rear. The duration of close 
pursuit ranged from 3 - 5  seconds. This pattern occurred at 
irregular intervals. Thirdly, blocking manoeuvres; when the 
female was moving forward slowly, the male would approach 
in a straight line at moderate speed from any direction 
within an antero-lateral 90°C arc. If the close approach 
of his head failed to stop the female, the male quickly 
moved ahead blocking her with his curved flank.
The final pattern occurred after the female had been 
immobilised. The male withdrew a short distance and approached 
again at moderate speed from the side. On reaching the 
female, he placed his snout under her belly - forward of the 
vent - and appeared to lift her out of the way, turning as he 
did so to occupy the position the female had occupied a second 
before. The male would then assume the angled position and 
remain stationary momentarily; no quivering was noted. When 
lifted by the snout of the male, the female tilted inwards 
on her side - at an angle of approximately 45° - and slight 
momentary quivering was observed. She then swam forward, 
and downwards, re-orientating to the vertical, whilst executing 
a gentle U-turn and turning again to assume a position close to
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Figure 18. Prespawning and spawning behaviour patterns
exhibited by small groups (2 or 3 individuals) 
of H. fuliginosus during tank spawning trials 
from 1975-1977.
(a) Vertical view of the prespawning foreplay, 
showing relative positions of the male 
and female individuals.
(b) Lateral view of pre-spawning foreplay 
sequence.
(c) Vertical view of blocking manoeuvres by 
male.
(d) Vertical view of spawning sequence.
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that originally occupied.
Sequences of the third and fourth patterns were repeated 
several times in rapid succession before both fish moved to 
another area of the tank.
Although frequently showing the angled, gliding mode 
of swimming (using pectorals), during active manoeuvres the 
male swam more vigorously - using the caudal and all other 
fins. The third behavioural pattern exhibited by the male 
(i.e. blocking manoeuvres) always preceded the fourth lifting 
pattern but the fourth pattern did not always ensue. Success­
ful immobilization of the female took up to several consecutive 
blocking actions.
Egg emission was not actually observed; however, after 
several passes with the female turning on her side holding the 
body stiffly straight with slight quivering, the adults would 
move away and eggs were found on the bottom in the position 
of recent activity. Several hundred eggs were produced during 
each series of passes (i.e. 2 or 3 lifts).
Likewise milt emission was not definitely observed; 
although a faint milkiness in the water where the male had 
lifted the female had been observed.
The whole sequence of the fourth behavioural pattern 
from the lateral approach of the male to the emission of milt 
and movement from the deposition site took between 5 - 8  seconds 
to complete - this time interval does not include any of the 
preceding blocking movements.
During spawning no aggression was observed and the 
fish were not easily disturbed. Some hours after spawning one 
female was observed to aggressively chase males from under 
cover, although both males continued to approach her.
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When removed from the tank at the termination of a 
trial, all individuals appeared healthy and active.
Another observation associated with tank trials in 
these species was the detection by all observers of a strong 
and characteristic odour produced in the tank during spawning 
activities. Presence of this odour was usually accompanied 
by a slight surface scum, suggesting the release of some oily 
substance. The basic fragrance of the spawning odour is 
reminiscent of fresh green prawns; musky and sharp overtones 
at the beginning and finish of the nose respectively result 
in a strong sweet but salty olfactory impression. A similar 
odour has been detected in B. bidyanus tank spawning trials.
Seasonality
Mature and running ripe H. fuliginosus specimens from the 
North-east Coast, Gulf of Carpentaria and Timor Sea Drainage 
Divisions have been captured from November to April. Several 
capture records and examination of preserved gonadal material 
(J.R.Merrick, S.H.Midgley, unpublished data) suggest that in 
the Gregory River system (Gulf of Carpentaria Drainage 
Division) spawning can occur from late January through to 
mid-April. Spawning seasonality in this species is illustrated 
below (Figure 19).
The three combined histograms show the same broad 
features. Firstly, the numbers of specimens exhibiting stages 
2, 3 and 4 was highest during the period November to February. 
Secondly, most specimens collected between March and June 
exhibited stage 1. Thirdly, only stage 1 specimens were 
captured between July and October. In (a) the females exhibiting
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Figure 19 . Seasonal changes in the relative frequency of
maturity stages in H. fuliginosas from the North­
east Coast, Gulf of Carpentaria and Timor Sea 
Drainage Divisions. Data from 13 years of sampling 
are pooled into 4 month periods. Ratings are:
1-virgin or maturing virgin; 2-developing; 3- 
developed or gravid; 4-running ripe; 5- recently spent 
or resorbing (refer to text p 104 for details)..
(a) females, (b) males, (c) total population.
(a)
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stage 2 in November were captured from two divisions, over 
several years and from early to late November; spent specimens 
recorded for the period March to June were from a single Timor 
Sea Drainage sample. In (b) percentages of stage 2 males in 
the November to February and March to June intervals were 
each based on three specimens; the latter group all taken 
in May, 1970. Only one stage 4 male was taken in the March 
to June period and again the stage 5 percentage was based on 
the single Timor Sea Drainage sample.
Additional results of the H. fuliginosus spawning 
induction trials were: firstly, that males were found to retain 
a running ripe condition (rating 4) continuously for a 
period of weeks, and secondly, that two partial spawnings 
were induced in one female, separated by a time interval 
of 13 days. Successive spawnings have.also been induced by 
hormone in B. bidyanus; however, the intervening period was 
two months (L.C.Green, pers. comm., 1978).
Eggs and Larvae
H. fuliginosus
The following description details ontogeny and morpho­
genesis observations including features of developmental stages 
illustrated in Plates 6 and 7.
Mature oocytes, ranging from 0.42-1.40 mm diameter and 
averaging 0.53-1.29 mm, were creamish yellow in colour with 
an evenly granular texture. After fertilization the tough 
chorion swelled to a diameter of 1.20-3.00 mm. The chorion 
had a patterned appearance which persisted until hatching.
The eggs were non-adhesive and demersal being golden in colour 
and transparent.
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The slightly ovate yolk mass had an average diameter of
I. 13 mm; for details of egg dimensions see Table 9. Fertile 
eggs usually had only one large central oil globule floating 
towards the upper side of the yolk and with an average 
diameter of 0.47 mm; occasionally one or two peripheral 
globules were also present.
The two blastomere stage was reached after 0.75 h and
successive divisions produced four and eight blastomeres by 
1.25 h (Plate 6 (a), (b)). A blastodisc was well developed at
3.5 h (Plate 6 (d)) and gastrulation commenced at 5.0 h (Plates 
6 (c), (e)).
During gastrulation the embryonic axis could be dis­
cerned by 7.5 h; the yolk plug stage extended from 9.0 to
II. 0 h and embryo development then accelerated. By 13.0 to
13.5 h a distinct embryo had developed (Plates 6 (f) , 7 (a)k Sub­
sequently the eye vesicles become prominent and the tail 
became increasingly separated from the yolk; the posterior 
position of the main oil globule within the yolk sac at 33.5
h is illustrated in Plate 7(b). By 33.5 h when embryos were 
first observed to move, distinct somites were observed and 
the chorion appeared to be thinning.
Pigmentation was first observed as hatching commenced 
at 45.0 h (Plate 7(c)).
The hatching interval was prolonged, extending from 
45.0 to 110.0 h at temperatures of 25.5 - 26.5°C. Newly 
hatched prolarvae (Plate 7(c)) averaged 3.72 - 4.25 mm in total 
length. The brain, eyes and otocyst had developed considerably 
but little pigmentation was present and the mouth was unformed.
When first hatched the prolarvae were incapable of 
sustained activity to maintain a station in the water column.
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Plate 6. Egg development: blastula, gastrulation and 
yolk-plug stages.
(a), (b) Two and four blastomere stages at 0.75 h
(c) Gastrulation at 7.5 h
(d) Blastodisc at 3.5 h
(e) Gastrulation at 10.0 h
(f) Yolk-plug at 9.5 h
Plate 7. Egg and larval development.
(a) Embryo at 13.5 h
(b) Ventral view of well developed embryo
at 33.5 h
(c) Newly hatched prolarva at 45.0 h. TL = 3.72-
4.25 mm
Prolarva at 63.5 h(d)
(e) Postlarva at 111.5 h. TL 5.10 - 5.40 mm
Pl a t e  6.
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They would lie dormant on the substrate and intermittently 
swam upwards briefly; the swimming movements carried the 
larva (head uppermost) at an angle approximately 5 mm off the 
bottom. When swimming ceased the larva sank quickly to the 
bottom.
The larvae increased in length and between 49.0 and 
54.25 h total lengths ranged from 4.20 to 4.90 mm. During 
this interval pigmentation of the optic capsules became heavy 
and the lower jaw formed; melanophores were also observed 
diffusely distributed on the ventral, ventro-lateral and 
postero-ventral yolk surfaces as well as the ventral side of 
the caudal musculature. Refer to Plate 7(d).
By 90.0 h larvae were free swimming - able to move 
horizontally and maintain station within the water column; 
at this stage they were photo-positive.
Main features of postlarval development were as follows. 
Larvae were observed apparently searching for food at 98.0 h.
In larvae 5.10 - 5.40 mm long the alimentary canal had formed 
by 102.5 h and they appeared to be feeding on midwater plankton. 
By 126.0 h the yolk in larvae up to 5.50 mm in length had 
greatly reduced in size and the pectoral fins had formed. All 
yolk was used by 149.0 h and a subsequent total mortality pre­
cluded further observations. Refer to Plate 7(e).
M.R. MacKinnon (pers. comm., 1976) indicated that larvae 
from an induction trial at Walkamin Research Station commenced 
feeding on a cultured brine shrimp (Artemia sp.) and that a 
few surviving juveniles had attained a length of 25 mm after
8 9 weeks.
B . wel a hi
Details of the developmental stages illustrated in 
Plates 8,9 are listed below. Where considered relevant, com­
parisons with the congeneric B. tidy anus development are 
made
After fertilization the thin chorion swelled to a 
diameter of 1.80 to 2.00 mm. The chorion had a very fine matt 
appearance which persisted until hatching. The eggs were non­
adhesive, spherical, transparent, colourless, semibuoyant 
and pelagic although they would drift to the bottom of an 
aquarium if the water was not agitated.
The slightly ovate yolk mass appeared spherical when 
viewed from a vertical position and in this position had an 
average diameter of 0.89 mm. For details of egg dimensions see 
Table 9. The main oil globule - above the yolk mass - 
averaged 0.45 ram in diameter when viewed from a vertical 
position.
When first viewed at the 4 h stage, the blastodisc 
was observed at the side of the yolk. Plate 8(a) shows three 
eggs; one is at a blastodisc stage equivalent to the 4.5 
h stage of B. bidyanus; the blastodiscs of the other two 
appear to have begun to flatten. Plate 8(b) depicts B. wslchi 
eggs 5 h old - the blastodisc has flattened and expanded and 
gastrulation is commencing; this 5 h stage is equivalent to 
the 6.5 h B. bidyanus stage depicted by Lake (1967,u) .
During the next few hours the embryonic axis formed; 
Plate 8 (c)shows an egg at 11 h. Subsequently the form of the 
embryo became increasingly distinct, the eye vesicles developed 
and the tail region became separated from the yolk. The 
posterior position of the main oil globule within the yolk-sac
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can be clearly seen in the embryo in the egg at 26.75 h and 
at this stage development is particularly rapid. The embryos 
are very active with the whole body - especially the tail - 
showing twitching and swimming movements. S.K.Midgley 
observed eggs collapsing (i.e. chorion rupturing and becoming 
misshapen) just before hatching.
Hatching commenced at 26.5 h and was completed at 32 h. 
The yolk-sac was distinctly ovate in shape and only just pro­
jected in front of the head of the embryo. The length of the 
yolk-sac of the prolarvae averaged 1.08 mm. The oil globule 
did not change in size but its position was observed to be 
more variable than in the equivalent B. bidyanus stage (31 h) .
The newly hatched prolarvae (Plate 8(d)) averaged 2.30 
mm in total length. Although the brain, eyes and otocyst 
had developed considerably little or no optical pigmentation 
was present at this stage -the mouth was unformed. In the 
individual larva illustrated in Plate 8(d),the tail was not 
fully released from the yolksac (connecting membranes were 
still present) and bent downwards posteriorly. The head and 
anterior body region appeared to be set further forward - 
with respect to the yolksac - than in the equivalent 3. bidy anus 
stage. When newly hatched the prolarvae were incapable of 
sustained activity for any longer than a few seconds. They 
would lie dormant on the bottom of the aquarium and inter­
mittently make irregular swimming movements upwards. The 
swimming movements carried the larva (head uppermost) vertically 
upwards 100-150 mm through the water column. When swimming 
ceased the larva turned through 180° and drifted back to the 
bottom, head downwards. The larvae rapidly increased in length
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Plate 8» Egg development and early prolarvae.
(a) Blastodisc at 4.0 h
(b) Gastrulation at 5.0 h
(c) Embryo at 11.0 h
(d) Prolarva at 32.0 h. TL - 2.30 mm, no
pigmentation, tail not fully released from 
yolk-sac.
(e) Lateral view of prolarva at 38.0 h.
TL - 2.65 mm.
(f) Prolarva at 75.0 h. TL - 3.65 mm. Note 
reduction in yolk.
Plate 9. Larval development and juvenile.
(a) Prolarva at 100.0 h. TL - 3.81 mm. 
Yolk-sac nearly absorbed
(b) Postlarvae at 123.5 h. Individuals 
active and positively phototactic
(c) Postlarva at 11 days 16.0 h. Fin fold 
assuming contour of caudal.
(d) Tail of postlarva at 11 days 16.0 h.
(e) Postlarva at 15 days, 13.0 h. Dorsal, 
anal fins developed, caudal with distinct 
fin rays.
(f) Juvenile at 29 days 10.0 h. TL - 13.25 
mm. Metamorphosis complete.
Piate 8.
Plate 9
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from 2.65 ran at 38 h (Plate 8(e)) to 3.65 mm at 75 h (Plate 3 (f > ) 
during the same interval there was a reduction in yolk size; 
the length of the yolk and oil globule together was 0.71 mm.
The actual membrane of the yolksac did not shrink back with 
the yolk but remained as a large bulge under the head.
During the following two days, the eyes gradually 
became heavily pigmented, pectoral fin buds developed, the 
mouth and cloaca formed and the yolk reduced considerably.
The oil globule remained in a posterior position. The brain, 
otocyst, heart and axial musculature all develop rapidly.
Plate 9 (a)shows a prolarva at 100 h when it was 3.81 mm in 
total length. At this stage the larvae congregated on the 
aquarium bottom and were very active; very few swam vert­
ically more than a few mm - most were moving in a horizontal 
plane. Between 100 and 123.5 h (Plate..9 (b) ) the larvae 
were noted to be distributed throughout the water column, 
very active and positively phototactic.
Observations on the postlarval phase of development 
are as follows. Larvae were observed feeding on phyto­
plankton on the sixth day (i.e. 136 h after spawning). The 
mode of feeding was as follows. Whilst resting on the bottom 
the postlarvae would grab mouthfuls of fine filamentous 
green algae; to ingest they had to tear the algae free 
from the substrate by pulling and jerking the head from side 
to side.
Pectoral fins were well formed but there was still 
no sign of other fin formation. By the twelfth day the fin 
fold had reduced considerably and was starting to assume the 
general contour of the caudal. The oil globule migrated from 
being posterior and under the intestine, to the swimbladder
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position above the gut. Between the sixth and twelfth 
days temperatures ranged from 24.0 to 30.0°C.
Fin folds had almost disappeared, dorsal and anal 
fins were well developed and the caudal fin was homocercal with 
distinct fin rays by the sixteenth day. Between the 22na and 
24th days the postlarvae changed their mode of locomotion 
to the jerky swimming motion of juveniles. Plate 9(f) shows 
a young fish 29-30 days old, the total length was 13.25 mm; 
this specimen had the general morphology of the adult.
Although gut contents were not examined, juveniles 
were observed eating large quantities of zooplankton; 
nauplius larvae and copepods were the most abundant organisms 
present. Temperatures between the twelfth and thirtieth 
day ranged between 21.0 and 29.0°C.
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TABLE 9 . Key features and dimensions of H. fuligi-nosus and 3. W el chi’ 
developmental stages.
H. fuliginosus B. weIchi
Nature of Egg Demersal, non-adhesive Pelagic
Diameter of water-hardened egg 1.20- 3.00 1.80- 2.00
(to nearest 0.05 mm) (1.30-1.90) (1.90)A
Diameter of yolk (to nearest 1.10- 1.20 0.87- 0.96
0.01 mm) (1.13) (0.89)
Diameter of oil globule 0.40- 0.50 0.42- 0.48
(0.47) (0.45)
Number of oil globules and 1 1
position in yolksac Posterior Posterior
Nature of chorion Rough, with distinct Rough, thin
pattern, thick golden colourless
coloured transparent transparent
Perivitelline space Small to medium Very large
Egg colour Golden Colourless
Enclosure of yolk sac (h) - 17.0
Embryo first moved (h) 33.5 26.0
Pigmentation appeared (h) 45.0 32.0
Hatching time (h) and temper- 45,0-110.0 26.5 -32.0
ature range ( °C) 25.5- 26.5 24.0 -25.0
Length of larvae at hatching 3.20- 4.40 2.00- 2.65
(to nearest 0.05 mm) 3.72- 4.25 (2.30)
Age at feeding (days) and 4-5 5- 6
length (to nearest 0.05 mm) 5.10- 5.40 3.75- 3.90
Age at end of larval development - B29-30
(days) and length (to nearest - 13.25
inoo
A
Average values are included in parentheses.
B Estimate is based on one specimen.
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Abnormalities and Pathology
Aside from substantial colour variation, four abnormal 
conditions in adults and juveniles of H. fuliginosus and 3. 
welchi respectively have been noted in the current studies.
Firstly, a single adult H. fuliginosus specimen with 
a foreshortened head and deformed upper jaw was captured in 
Cameron Creek (North-east Coast Division) in 1975. Plate 10 
shows the specimen alive and although osteological analysis 
has yet to be completed the condition is considered to 
involve substantial deformation of the premaxilla, maxilla 
and frontals.
A second abnormal condition, that of the development 
of fleshy lobed lips (blubberlips), in H. fuliginosus had 
been observed prior to these studies (Lake 1971: 34;
Merrick, 1973) ; however, further investigations have revealed 
this condition at further sites and over a wide size range 
down to small juveniles.
Two abnormalities were observed in 3. welchi larvae 
and juveniles. The more common deformity observed in 3. welchi 
larvae was a club or twisted tail resulting from an upward 
flexure of the posterior part of the vertebral column. Most 
of the club-tail specimens had died by the tenth day after 
spawning. The less common condition noted in small juveniles 
was an incomplete opercular cover - the dorso-posterior parts 
of the opercle and subopercle bones were absent, and the 
gill was continually exposed. This deformity was only noted 
on the left-hand side of an individual and did not appear 
to directly impair survival.
Two pathological problems were demonstrated during the 
culture of eggs and larvae of H. fuliginosus and 3. welchi.
aPlate 10. Male Hephaestus fuliginosus3 SL 222.0 mm, with 
foreshortened head. (a) Lateral view, (b) 
Anterior close-up of head.
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All eggs and larvae - especially H. fuliginosus demersal 
eggs with a longer incubation period - were susceptible to 
fungal infection such as those by Saprolegnia. Secondly, 
larvae - especially prolarvae - were very susceptible to 
predation by copepods; even small copepods were observed 
attacking and killing early postlarvae.
Discussion
Maturity, Size, Growth and Fecundity
Although they are of acknowledged limited significance 
it was decided to include all the available data of lengths, 
weights and gonadal ratings for the species studied in the 
almost complete absence of other published information of 
this type on Australian teraponids.
The five category cronadal rating system although lacking 
the precision of some maturity classifications (Kesteven,
1960: 44; Pollard, 1971), has been found over a period of
years to be a most effective field assessment of maturation - 
without resorting to microscopic examination and varied histo­
logical investigations.
The preliminary findings reported in the results, based 
on small samples, suggest that males of both H. fuliginosus 
and B. welchi mature at a smaller size than females. This 
situation would not be unusual; other workers have reported 
the earlier maturation of males even when growth rates between 
the sexes are known to be comparable (Lagler et a l 1962:
289; Lowe-McConnell, 1975: 202).
H. fuliginosus length, weight and gonad rating data 
were separated by drainage divisions, as it was considered 
that these groupings largely represented discrete breeding
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populations and any growth trends in one population might be 
masked if all data were immediately pooled. Unfortunately 
the data from the Timor Sea Drainage were sufficient only to 
permit a single combined comparison.
The limited analyses demonstrated the following points. 
Firstly, that growth patterns in females and males within 
the Gulf of Carpentaria Division were identical. Secondly, 
that growth patterns in females and males within the North­
east Coast Division were identical. Thirdly, that growth 
patterns within the Timor Sea and total Gulf of Carpentaria 
population were not significantly different. Fourthly, that 
growth patterns of the Timor Sea and North-east Coast pop­
ulations were significantly different. Fifthly, that growth 
patterns of the Gulf of Carpentaria and North-east Coast 
populations were significantly different.
It should be noted that the data analysed were not 
taken as part of a co-ordinated growth study, so in view 
of:
(a) rating variation - specimens were processed alive,
shortly after death and after freezing - Tesch (1971) , 
Lagler (1971) and Royce (1972: 149) all note variation
in weight and length due to rigor mortis, fluid loss 
and freezing shrinkage as well as season and time of 
day;
(b) the diverse data sources. Although most specimens were 
from a single river system in each drainage and there­
fore, theoretically, part of a local breeding pop­
ulation - the samples were small, from scattered sites 
and taken at erratic time intervals over a long time
span;
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(c) the relatively small total number of specimens where
length range overlaps were limited; 
it is not considered that further statistical analyses would 
be meaningful.
Fecundity estimates varied widely but no apparent 
pattern - for example, increase in fecundity with increase 
in body size (Bagenal and Braum, 1971: 178) - was detected;
whereas a female 160.0 mm in length had a calculated oocyte 
number of 28,000, another individual 320.0 mm in length 
contained 16,000 oocytes. Whilst a specimen (TL 355.0 mm) 
contained 107,000 oocytes a slightly larger individual 
(TL 365.0 mm) only contained 26,000. The variations can 
be explained when collection times are considered. The small 
fish with 28,000 oocytes was maturing for the first time 
whereas the other large specimens with low estimates had 
probably partially spawned. Batch spawning has now been 
confirmed as a possibility in this species - see pl28-.The 
larger specimens with fecundities ranging from 56,000 to 
107,000 probably more accurately reflect oocyte numbers in 
females of this size range; however, it should be noted 
that H. fuliginosus will grow to three times the size of 
the individual which produced 107,000 oocytes.
Prespawning Requirements, Behaviour
Water temperatures measured when natural or tank spawn­
ings of H. fuliginosus and B. welohi have occurred have been 
between 21 and 30°C; the occurrence of mature H. fuliginosus 
individuals and of observed spawnings associated with even 
small flushes, suggest that this species also requires 
fluctuating water levels. The spawning site for H. fuliginosus
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is a shallow, flowing area where there is a gravel or rock 
rubble substrate.
In tank induction trials with H. fuliginosus and 
B. welohi successful spawnings always occurred within very 
limited time spans during the afternoon, evening or early 
morning. The times were constant despite considerable 
variation in hormone dosage, size of fish and injection time. 
There is an established relationship between phctoperiod 
and the production of some sex hormones, and the results of 
the induction trials were possibly effected by natural 
diurnal fluctuations in gonado-trophin levels (Vlaming,
197 2; Vlaming and Vodicnik, 19 77) .
Almost any movement connected with spawning can be 
technically regarded as a migration (Breder and Rosen, 1966: 
607-8). Midgley's observations of a complete absence of 
H. fuliginosus downstream of the Cameron Creek spawning site 
is a strong if indirect indicator that most of the population 
in that stretch of river had moved upstream - possibly for 
a short time over a short distance - for spawning. The 
behaviour of this species is such that if an experienced 
observer cannot detect any individuals, then very few are 
present.
Prespawning interactions within groups of 2 - 3 
individuals (under regulated conditions) have now been 
observed in detail in Bidyanus welohi and H. fuliginosus.
In both cases the courtship was active and behavioural 
reactions involved substantial colour changes over a period 
of hours, varying levels of aggressiveness in both sexes 
at different stages, chasing, close schooling and vent nudging 
by the male.
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Spawning
The observed natural spawning of H. fuliginosus involved 
a school of approximately 50 adults over a period of hours.
This situation is similar to that reported in the literature 
for 3. bidyanus. A B. bidyanus spawning group was observed 
to repeat precisely co-ordinated patterns of behaviour at 
regular intervals over some hours; a small group of large 
individuals, (presumed to be female) were surrounded by a 
larger number of smaller individuals, presumed to be males 
(Ogilby and McCulloch, 1916) .
Breder and Rosen (1966 : 606) indicate that schooling
species in which the sexes are notably alike often form 
polyandrous mating .associations. The above observations 
suggest that such associations are formed. Observations 
made on L. 'undcolor by Llewellyn (1973) although more vague, 
also suggest protracted spawning activity over a period of 
hours and indicate the involvement of small groups or 
direct pairing. Randow (1934) noted direct pairing in the 
marine T. jarbua.
Pair spawning, observed under regulated conditions, 
in H. fuliginosus involves circling, angled swimming using 
pectorals, chasing, blocking and vent nudging by the male.
Ova extrusion by the female occurs when she is in a normal 
upright position or heeling as a result of male lifting, 
but at an angle with her head down (i.e. with head deeper 
than the tail).
The author considers the angled, gliding mode of 
swimming to be a display mechanism; the vigorous close 
snout to vent pursuit behaviour and salty-musty spawning 
odour combine to suggest the production of a stimulatory, sex
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attractant in both H. fuliginosus and B. welchi, This 
.pheromone may only be produced for a short time and have 
a very limited effective range.
Seasonality
An annual, short, summer spawning season associated 
with flooding has been generally postulated for Australian 
freshwater teraponids; however, no seasonality analyses 
have so far been published.
Only combined H. fuliginosus histograms have been 
included as further sub-division of time intervals or 
populations results in very low sample numbers over very 
restricted periods of the year. The figures show the 
expected trends: the sources and size of the November 
female stage 2 sample indicates late maturation in some 
individuals; the small number of stage 4 females, large 
number of stage 3 females, small number of stage 3 males 
and larger number of stage 4 males is the expected situation 
and can be explained by the slower precisely timed female 
maturation and the long periods over which males will remain 
running ripe, which is discussed elsewhere.
In summary the data and histograms demonstrate that 
over the species range mature specimens may be collected 
over a period exceeding four months and suggest that under 
certain local conditions the breeding season may extend to 
April.
The exact timing of spawning activities in relation 
to stream flow and conditions is apparently variable.
S. H. Midgley (pers. comm., 1975, 1976) states that whilst 
eastern populations of H, fuliginosus may spawn before a 
major flood peak there is evidence that western (Gulf)
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populations of the same species wait until after the flood.
This situation differs from .that in other tropical and sub­
tropical areas. Lowe-McConnell (1975: 100) reports that
all fish spawn before the height of the flood in the African 
Zambezi system and some South American systems.
To date it has been assumed that under stream conditions, 
all fluviatile teraponids are total spawners; however, the 
second induced spawnings in H. fuliginosus and 3. bidyanus, 
the protracted spawning season and the length of time males 
will remain running ripe suggest that, under certain conditions, 
batch spawning can occur in these two species (Lake, 1976 b; 
Cadwallader, 1977; Lake, 1978: 55).
Eggs and Larvae
The non-adhesive nature of H. fuliginosus eggs confirmed 
the earlier reported finding by S.H. Midgley (Merrick, 1973); 
and the pelagic nature of 3. welchi eggs was not unexpected. 
Royce (1972: 199) reports that the eggs of only a few fresh­
water species are pelagic and that these eggs may drift for 
hundreds of kilometres. Considering flood flow rates and the 
longevity of developmental stages, the eggs of 3. bidyanus 
and 3. welohi must travel considerable distances downstream 
whilst development is occurring.
In discussing the association of egg types with 
parental care, Breder and Rosen (1966: 610) make the point
that adhesive or non-adhesive demersal eggs are generally 
associated with parental care of seme kind.
No parental care has been observed or reported in any 
freshwater teraponid. Indeed the flood spawning conditions in
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Australian streams would make many types of parental care 
difficult, if not impossible.
The details of H. fuliginosus and 3. welchi development 
are summarised in Tables 9 and 14.
The key points demonstrated in the H. fuliginosus 
studies are: the demersal, non-adhesive nature of the eggs 
with a thick, tough, transparent chorion and a water-hardened 
diameter ranging from 1.20 to 2.50 mm; rapid development to 
a short-lived blástula; extended gastrulation; a Iona 
incubation period -45.0 h at 25.5 to 26.5°C; an extended 
hatching interval - 45.0 to 110.0 h at 25.5 to 26.5°C; a post- 
larval phase commencing on the fifth day.
Main features demonstrated in the B. welchi studies 
are: the semi-buoyant, non-adhesive nature of the eggs
with a thin, transparent chorion and water-hardened diameter 
of 1.80 to 2.00 mm; rapid development in a short incubation 
period - 26.5 h at 24.5°C; a short hatching interval, 5.5 h 
at 24.5°C; a postlarval phase commencing on the fifth day; 
completion of larval development and metamorphosis by day 29.
Abnormalities and Pathology
Modifying effects of varying physicochemical factors 
(e.g. temperature, salinity) on the development of conservative 
systems (e.g. skeleton) in early larval stages have been 
documented in a number of fishes (Heuts, 1949; Taning, 1952; 
Woods, 1968) .
There are a number of collection records of abnormal 
juveniles or adults of percomorph fishes; the aberrations 
include absence, deformation or duplication of fins, pug- 
headedness (anterior-posterior shortening of forehead),
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deformation of the mouth and the development of two head 
(Ogilby, 1893: 126; Whitley, 1944, 1952; Pope, 1945;
Chew, 1973).
Whilst the pugnosed condition noted in H. fuliginosus 
has only been found in an single male specimen the blubber- 
lip characteristic has now been observed in many individuals 
over wide size ranges. There is indirect evidence that this 
lip characteristic is related to the substrate and feeding 
mode. As reported by Merrick (1973: 150, 153) gut analyses
on several specimens had failed to reveal any dietary 
differences associated with differing feeding habits, and 
the feature was put down as non-sex associated individual 
genetic variation. Subsequent investigations indicate that 
blubberlip specimens are most frequently taken from fast 
flowing streams with rocky substrates, and that a similar 
condition has been found and documented in South African 
fluviatile species, Barbus oodringtoni and B. holubi (Jubb.* 
1967: 25, 27). The latter species caught in fast flowing
water is recorded as having lost its 'rubber' lips almost 
completely after 12 months in a pond with a soft mud sub­
strate .
In the author's opinion the intra-specific variation 
in lip development noted in a number of species indicates 
that the use of lip features as key taxonomic characters 
(Vari, 1978: 226) is unsatisfactory, and should be avoided.
It is not known whether the observed incidence of 
deformities in B. welohi larvae and juveniles is similar 
to that in the wild or unnaturally high as a result of 
forced hormone maturation. The deformity incidence in 
wild populations could be considerable but still not be
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demonstratsd in the collections of juveniles and adults. 
Individuals with club-tails have severely impaired swimming 
abilities; these individuals would be disadvantaged and die 
at very early stages.
Demersal eggs undergoing lengthy sedentary embryonic 
development and early prolarvae, are considered very vulner­
able to predation in Australian freshwaters (Cadwallader, 
1977; Jackson, 1978; Auty, 1978); the observed suscept­
ibility of all stages to Saprolegnia and copepod predation 
leads the author to suggest that mortality, by predation 
or disease, during very early development is a major factor 
in determining recruitment in H. fuliginosus and B. welchi 
populations.
- 154-
EVOLUTION
Introduction
Whilst defining extant species the familial characters 
postulated by Vari (1978) are virtually useless in tracing 
the group’s development from the palaeontological record.
The muscle and swim-bladder characteristics are impossible 
to discern on fossils; pharyngobranchial and urohyal form 
would be practically impossible to distinguish except in a 
well-preserved skull which had disintegrated (M. Wade, pers. 
comm., 1976).
Sagittal otoliths could be very useful in future 
evolutionary studies to trace the development of teraponid 
genera (monophyletic groups). Pliocene and Miocene sagittae 
of other percoids have been confidently assigned to genera - 
both fossil and extant (Frost, 1928, 1931; Stinton, 1953, 
1957, 1958); however, in view of the ease with which small 
specific sagittal features, such as marginal ornamentation, 
can be modified or obliterated the author is of the opinion 
that considerable caution should be exercised in assigning 
fossil sagittae specific epithets.
The poor knowledge of evolution of Teraponidae and the 
incomplete information of current life cycles makes it 
difficult to elucidate speciation or reproductive strategies 
and subsequent discussion must be considered a preliminary 
analysis based on current data from all sources.
Before considering individual speciation problems it 
is necessary to consider the current geographic distribution
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patterns and the events that would have effected them.
Individual species ranges are summarised in Table 1 and 
without going into details a zoogeographic summary of the 
family would be: an Indo-West Pacific range with 39 of the 
44 species occurring in Australasian waters; most of the 
12 marine species are widespread and all but one occur in 
the tropics; all 32 fluviatile species, except L. plumb eus 3 
occur east of the Wallace Line; 10 species are endemic to 
New Guinea, 20 species to the Australian mainland; distri­
butions of individual fluviatile species range from widespread 
including a number of drainage divisions, to a single type 
locality; only B. bidyanus does not inhabit tropical regions.
Extensive investigations into the geological and 
palaeoclimatological history of the Australasian region from 
early Cretaceous have shown that the key events affecting the 
broad and regional distribution of teraponids are: the gradual 
splitting of Australia from Gondwanaland and subsequent 
complete separation of Tasmania from Antarctica (Ivantsoff, 
1978); the opening of the Tasman Sea and subsequent evolution 
of island groups such as Fiji (Raven and Axelrod, 1972; Cullen, 
1974; Fleming, 1977) the relative position of the Indian sub­
continent to Australia until 50 m.y.a. (Norton and Molnar, 1977) 
the world wide marine regression in late Miocene times - many 
Pacific shallow shelf areas became inland lakes,
Adams et at, 1977); the development of New Guinea and the pro­
longed, repeated emergence and drowning of extensive land 
bridges formed by the Sahul Shelf east to the Torres Strait 
(McIntyre et al 3 1976 ; Mees and Kailola, 1977; Vari, 1978: 322) .
As Australian freshwaters have been the site of the 
major teraponid radiation the conditions on this continent 
are considered in more detail.
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Wit h the exception of some gradual uplifting in the 
south-east during the Eocene epoch, Australia generally had 
a low profile well-watered landscape with few geographical 
barriers throughout late Cretaceous and Tertiary time until 
the mid Miocene. Approximately fifteen million years ago, 
considerable volcanic activity accompanied the commencement 
of uplifting in the eastern coastal belt. This elevation 
together with the erection of other geographic barriers was 
mostly the result of slow epeirogenic land movements occurring 
over millions of years (J.A. Dulhunty, pers. comm., 1976). 
Northward continental drift and wider Tertiary tropical zones 
results in a stable mild and humid climate over most of the 
mainland during late Cretaceous and Tertiary time. Seasonal 
fluctuations were minimal and rainforest grew over vast 
inland and coastal areas (Gill, 1975) . Widespread climatic 
changes commenced in early Pleistocene times (1.8 million 
years ago). The overall trend has been towards increased 
dryness but intervening wet periods have also occurred. 
Successive ice ages brought restricted glaciation and 
conditions have been stable for the Holocene or last 10,000 
years (Bowler et al 3 1976). During the Holocene the small 
localised changes in distribution which occurred, were due 
primarily to volcanism, earthquakes and climate (Anon, 1974; 
McEwin et al, 1976).
Speciation
The above geomorphological and climatological inform­
ation suggests that once an active species had entered fresh­
water rapid dispersal over wide areas was possible. The slow 
erection of geographical barriers during the Miocene and
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Pliocene would cause a gradual reduction in exchange routes; 
faunal disruption could be expected to be minimal. Population 
exchange prior to the Pleistocene and the more recent fluct­
uating conditions would minimise speciation (Berra and 
Weatherley, 1972) .
With the above background and results from the current 
studies, possible dispersal-speciation mechanisms in the genus 
Scortum can now be considered.
There are basically three ways by which the speciation 
currently observed in Scortum can have occurred. Firstly, that 
the basal stock colonized freshwaters much earlier than was 
previously thought (Cretaceous or earlier) and subsequently 
underwent limited and possibly recent speciation. Ivantsoff 
(pers. comm., 1978) suggested that atherinid distribution 
patterns could be neatly explained if the early Mesozoic 
epicontinental sea was used as a focus for dispersal. Jurassic 
teleost fossils (Gosline, 1971: 95) and the diversity of
Cretaceous euteleostean faunas described by Rosen (1973) , 
indicate that the origins of many extant specialised teleosts 
should be sought in early Mesozoic rather than early Tertiary 
strata. Secondly, that a marine stock which gave rise to 
Scortum invaded freshwaters during early to mid Tertiary 
times and underwent limited speciation more recently.
J. Mahoney (per.- comm., 1978) mentioned extensive marine 
incursions into the Lake Eyre region during mid-Tertiary. 
Thirdly, that the marine invasion of the basal Saortum 
stock was very recent (e.g. late Tertiary), Dulhunty (1976) 
points out that there was a direct connection between Lake 
Eyre and the sea only 30,000 years ago.
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As there are no positively identified fossils of any 
Australian fluviatile teraponids, the evolutionary patterns 
above will remain conjecture pending comprehensive and 
accurately dated palaeontological studies; however, 
irrespective of initial invasion, the isolation of some . 
drainage division stocks is certainly recent.
Detailed consideration of current distribution patterns 
suggest that an initial invading marine stock spread through­
out the Lake Eyre, Bulloo-Bancannia, Gulf of Carpentaria and 
North-east Coast Drainage Divisions. Marine conditions in 
the Lake Eyre region (J. Mahoney, pers. comm., 1978) could 
have provided a focus for such a dispersal. An internal 
dispersal rather than an external invasion is favoured as 
the former process would more simply explain the lack of 
Soortum stocks in the Timor Sea and Indian Ocean drainages.
After initial invasion and subsequent dispersal it 
is suggested that with reduction of exchange routes across 
developing drainage division boundaries eastern and northern 
populations diverged to give rise to S. hilHi and S. parvioeps 
respectively.
There are, of course, a number of other possibilities 
for the mode of initial invasion, subsequent dispersal and 
speciation. None of the possible patterns can be discounted 
at present; however, the schemes which are based on an 
initial invasion of Soortum stock from northern waters are 
not favoured at present because of the absence of Soortum 
species from New Guinean waters. The dispersal-speciation 
pattern described above and considered the most likely is 
illustrated in Figure 20 ,
159
Fi
gu
re
 2
0.
 
Po
st
ul
at
ed
 p
at
te
rn
 f
or
 i
nv
as
io
n 
an
d 
ra
di
at
io
n 
of
 S
co
rt
um
- 160-
Among possible drainage division exchange routes one 
area where the headwaters of eastern Fitzroy and Burdekin 
systems are adjacent to each other and those of Lake Eyre 
Division streams is of particular interest. East of Barcaldine 
there is a break in the main tableland-range barrier and 
further east the island Drummond Range extends north-south 
across the gap. Tributaries of the Alice River - itself a 
small tributary of the Barcoo River - extend from the west 
through the gap in the main boundary into the north-south 
valley formed between the latter and the Drummond Range.
From this same valley tributaries of the Belyando River flow 
northward to the Burdekin River and tributaries of the Nogoa 
River flow eastwards to the Fitzroy. A single localised land 
movement and subsequent drainage modification would have 
enabled Soortum stocks from the west to invade both 
Burdekin and Fitzroy streams.
There is no doubt that land movements occurred in this 
area until recently. Nearby Clermont is known for limited 
volcanism until recent times (Allen et at, 1960; Brown et 
al3 1968: 347).
Collections indicate that 5. In.il'iii is widespread within 
the Fitzroy system; however, S. parviceps appears restricted 
to the upper Burdekin. There may be no connection but the 
upper Burdekin River area is notable for severe volcanism 
until recent times; conditions where local faunal extinctions, 
disruptions and population isolation no doubt occurred.
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Reproductive Cycles
Prior to analysis of reproductive trends within the 
family it is necessary to review all existing data on teraponid 
reproduction. Points of interest are listed below and specific 
values are included in Table 14. (Appendix 4).
Although data on only a few specimens of the marine 
species are available, fecundity estimates have all ranged from 
250,000 upwards. There is little difference in size at maturity 
between the sexes in the limited S. hillii material examined and 
the author is of the opinion that the sizes at maturity listed 
are high.
Syncomistes butleri is known to grow to at least 2.5 kg 
(S.H.Midgley, pers. comm., 1979) so the female maturation size 
is a useful indicator.
Whilst fecundities vary by a factor of one hundred a 
relevant observation is that the females of a number of 
teraponid species are reported to attain only a small size 
(Herre, 1930; Job, 1940; Lake, 1971: 35; Mees and Kailola,
1977; Lake, 1978: 53, 54, 56; Vari and Hutchins, 1978).
The maturity sizes and ages summarised in Table 14 
generally agree with the broad observation by Lagler et at 
(1962: 288) that many species attain sexual maturity at ages
of two to five years with lengths from 75 to 305 mm or more; 
however, extensive observations over a period of years have 
led the author to the conclusion that a one to two year 
maturity interval is more accurate for teraponias - especially 
the smaller species. Lowe-McConnell (1975: 94) stated that
many fishes in seasonal tropical environments mature in one 
to two years.
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No data which would permit comparison of growth rates 
in both sexes of local species - other than H. fuliginosus - 
is currently available; however, Breder and Rosen (1966: 617)
have pointed out that in most perciforms, and related fishes, 
a significant size difference does separate the sexes. Breder 
and Rosen also observed that in species with a large egg pro­
duction, the female was generally larger. Data in Table 14 
show that males of eight teraponid species mature at a smaller 
size than females; however, in several cases the data has to 
be treated with caution as it is based on small numbers of 
specimens.
Isolated observations on prespawning requirements and 
behaviour are numerous. Initially, physical factors are 
considered. With the exception of P. humeralis all temperatures 
taken when mature, running or recently spent specimens have 
been captured have exceeded 20°C. Considering fluviatile 
species the importance of slight or short duration increases 
in water levels had been postulated by Llewellyn (1973). The 
observations of H. fuligino sus spawnings and the occurrence 
of mature S. hillii and S. parviceps associated with even 
small flushes, suggest that these species also require 
fluctuating water levels.
S.H. Midgley (pers. comm., 1976) reported capturing 
several mature female S. parviceps from the Burdekin River 
near Valley of Lagoons Station Homestead on 5 November 
1976. On 23 October 1976, there had been a 0.30-0.45 m 
rise in river levels. The river had fallen to normal levels 
by 30 October 1976.
Although spawning in the wild is nearly always 
associated with flooding, it is known that two teraponids,
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A. perooides and L. unicolorwill spawn without the
stimulus of flowing water in areas with a soft substrate 
(Llewellyn, 1973; Lake, 1978; 54). In contrast, spawning
sites in the wild, of B, bidyanus and H. fuliginosus are 
flowing areas where there is a gravel or rock rubble sub­
strate. Although not seen by the author, it has been 
reported by a reliable observer (T. Bourke, pers. comm.,
1977) that in a long-established, impounded population of
B. bidyanus, in the South-east Coast Drainage Division, 
large numbers of adults regularly spawn in littoral shelving 
areas extending down to a depth of four metres over rock, 
rock rubble or gravel substrates, where there is continuous 
low flow.
The two general categories of chemicals hypothesised 
as influencing spawning in teraponids are inorganic water 
solutes and soil compounds; the latter group being more 
important to fluviatile species.
Although the current studies have not revealed any 
specific salinity requirements for spawning, adults of species 
previously considered exclusively fluviatile, such as 
A. perooides and S. hillii> have been found in brackish environ­
ments and able to survive for protracted periods (months) prior 
to the breeding season (J. Baldwin, J. Kowarsky, pers. comm., 1979)
Observations suggesting that a chemical or combination of 
compounds associated with soil is concer ned with spawning in 
the Australian fluviatile species B, bidyanus are listed below. 
There are a number of records of adults exhibiting behaviour 
identical to known pre-spawning patterns when exposed to water 
that has recently inundated dry soil. This phenomenon 
has occurred both in hatchery ponds, soon after
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accidental or planned inundation and in 9,000 litre concrete 
holding tanks to which varying small quantities of pre-driea 
soil have been added (G. Cook, pers. comm., 1976).
Reporting the stimulatory effects of the inundation of 
dried soil - without changes in water levels - Lake (1967Z?) 
suggested the stimulant might be petrichor; a chemical com­
plex of soil substances with the overall characteristic odour 
associated with rain falling on dry soil. This idea was not 
pursued experimentally by Lake but subsequent investigations 
by the author suggest that a second group of soil compounds 
will have to be considered. Workers investigating soil 
substances broadly divide them into two categories known as 
petrichor and geosmin; hundreds of compounds have been 
identified in each category (K.E.Murray pers. comm., 1976).
The name petrichor covers some hundreds of substances - 
mainly odorous and volatile - which are produced by physico­
chemical reactions in the atmosphere and within the geologic 
substrate. The complex includes: ammonia, aldehydes, 
nitrophenolic compounds, cyclic bases resembling pyrimidine 
and quinoline as well as a large range of fatty acids and 
lipid esters (Bear and Thomas, 1964; Bear and Kranz, 1965, 
1969). No single compound has been identified as being 
primarily responsible for the odour associated with rain 
falling on dry soil; indeed Bear and Thomas (1966) considered 
petrichor to be an integral odour derived from a mixture of 
odourless and odorous compounds.
The term geosmin covers all soil substances with a 
direct biological origin. Many of these compounds are de­
composition, degradation or metabolic products from bacteria 
(especially Actinomycetes) and blue-green algae, but chemical
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substances taken up or released by or present in plants (Murray 
et aZ.,1975) and animals are also included. Geosmin compounds 
are less volatile and odorous and are collectively responsible 
for musty, earthy smells. A particular compound, trans-1, 
10-dimethyl-trans-9-decalol, has been called geosmin as it 
appears primarily responsible for musty, earthy odours; isomers 
of this decaloi also have earthy aromas (Murray et al3 1975).
The petrichor complex originally suggested by Lake 
(19672?) includes a large number of very odorous compounds of 
varying molecular weights and types known to be detectable by 
teleostean olfactory systems (Kleerekoper, 1969: 104-5); how­
ever, petrichor substances are only produced in significant 
quantities in minimal humidity conditions. As soon as air 
humidity rises many of the compounds are removed or released 
from the soil (Bear and Thomas, 1966). Precipitation is not 
necessary.
The current geographic ranges of a number of freshwater 
teraponids include large areas of dry or arid country where 
soil production of petrichor could be expected to be high 
from spring to early summer. However, the climatic regime 
has fluctuated widely for almost two million years and native 
fishes have only been subjected to consistent aridity for 
the last 10,000 years of their evolutionary history. After 
considering the palaeoclimatological information summarized 
on p.156, the conclusion can be drawn that these perciforms 
may have undergone most of their fluviatile evolution under 
environmental conditions similar to those now prevailing 
in Queensland North-east Coast streams. These conditions are 
far more favourable for the production of geosmin than of 
petrichor substances. There are South-east Coast streams in 
an impounded condition where B. bidyanus populations are known
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to be self-maintaining. In all cases the catchment receives 
high rainfall and is heavily timbered.
Chemical inhibitory/stimulatory reproductive mechanisms 
are known in a number of diverse fish groups (Lowe-McConnell,
1975: 75, 235; Shorey, 1976), and there is now evidence that
many soil compounds directly affect a wide range of organisms 
(Bear and Thomas, 1965; Lake, 1967a; Torrey, 1976). Mechanisms 
by which a chemical factor - regardless of its mode of dectection, 
absorption or synthesis - might affect reproduction in fluviatile 
teraponids, are listed below.
Forgetting, for the moment, complicating factors such as 
olfactory acuity variation with individual physiological con­
dition and season (Kleerekoper, 1969: 100-102), the author
suggests there are basically two ways in which chemicals could 
affect reproductive physiology and behaviour in local teraponids. 
It is most probable that both mechanisms rely on concentration 
changes. The water-borne factor(s) could: either be produced 
continually with concentrations changing when material is flushed 
into the stream by summer run-off or flooding; or alternatively 
be produced cyclically at certain times of the year, such as 
spring.
Geosmin compounds are produced continually; however,
Silvey et al> (1972) report cyclical productions (associated 
with temperature) of aquatic actinomycètes and blue-green algae 
which are known to produce a number of odorous geosmin 
compounds. No doubt fluctuations in soil actinomycètes, algae 
and their products also occur.
Absence or changing concentrations could act as an 
environmental cue which triggers an instinctive behavioural 
response; this would explain the commencement of upstream 
migration by B. bidyanus long before a flood.
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Rather than a simple stimulant mechanism an inhibitor 
or inhibitoi/stimulant interaction could be involved. Substances 
continually produced in water may act as inhibitors. For 
example, organic compounds such as glucose, polyphenols and 
humic substances are released as a result of decomposition 
of aquatic macrophytes in both temperate and tropical streams 
(Schmidt, 1972; Junk, 1973: Howard-Williams and Junk, 1977). 
Summer rains and increased flow could dilute the inhibitors 
permitting final maturation and spawning to occur. Inhibiting 
substances may not be produced in summer; their absence 
combined with other favourable factors permits spawning. 
Alternatively, chemical stimulants and inhibitors may be con­
tinually produced; increasing stimulant production in spring 
months combined with inhibitor dilution following increased 
flow enable final maturation and spawning to proceed.
Group movements, apparently associated with spawning, 
exhibited by Australian species range from a few metres to 
hundreds of kilometres. Although less is known of marine 
species the literature, suggests at least some local movement 
in Felates quadrilineatus and Terapon jarbua.
Population movements associated with spawning are not 
unusual among warm-water freshwater fishes; Lowe-McConnell 
(1975: 9) points out that fishes in tropical areas often
make very long and well defined migrations up the more seasonally 
fluctuating rivers. There is indirect evidence that four 
fluviatile species undertake upstream movements before spawning , 
but details are not known. L.C, Green (pers. comm., 1979) 
reports repeated observations of large numbers of L. unicolor 
adults schooling below dams on North-east Coast streams as 
soon as a small flow commences at the beginning of the wet.
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Individuals repeatedly attempt to move up over the barrier 
by jumping or swimming up moist spillways. Samples angled 
show the population to include both sexes in mature and run­
ning ripe condition. This behaviour has been observed at dusk 
or after dark. In addition to these stream movements,
Llewellyn (1973) indicated that this species moved from the 
deeper parts of a pond to shallow shore areas for spawning.
Local movement of H. fuliginosus has already been 
discussed. Observations were made on 5. hillii by G. Cook, 
who reported (pers. comm., 1976) taking large numbers of 
this species of all sizes below weirs and rapids on the 
Dawson River in the Taroom area in November. The river had 
an increased flow rate due to the first summer rains, and 
adults of both sexes were running ripe.
Data on B. bidyanus are more extensive, though 
incomplete. Preliminary analyses of capture data from 
Murrumbidgee and lower Murray River populations led K. Shearer 
and F. Reynolds (pers. comm., 1975, 1978) to conclude that 
this species migrated up to several hundred kilometres up­
stream over a period of days prior to spawning. Spawning 
was thought to occur behind the peak of the flood.
The author's own enquiries suggest that this prespawning 
movement behaviour pattern is dependent on the availability 
of spawning sites. In the impounded B. bidyanus population 
previously mentioned, the spawning population moves a short 
distance downstream to an area adjacent to the dam wall.
There is no fishway and the wall construction and outlets 
are such as to prohibit migration from downstream.
Aside from the observations already reported in the 
current studies there is little available information on
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individual prespawning or spawning behaviour. Llewellyn (1973) 
indicated that spawning activities in L. unicolor were pro­
tracted and involved small groups or direct pairing. There 
is more information on B. bidyanus. In the impounded pop­
ulations previously mentioned prespawning schooling by large 
groups at the surface has been seen most frequently on hot, 
calm December and January days late in the afternoon; activities 
then continue at the surface, through dusk. Lake (1967b) 
observed, in a pond, a single large 3. bidyanus female to be 
intermittently pursued or attended by up to three males. Tank 
induction trials with this species involved considerable sur­
face activity, splashing. Substantial short term colour changes 
were observed and spawning behaviour involved a large female 
near the surface swimming slowly in circles at a 45°,angle, head 
deep - with the tail intermittently breaking the surface; she 
was frequently and briefly attended by two smaller males.
One observation of post-spawning behaviour in T. jarbua 
is the only recorded incidence of parental care in the family.
The male of this species was reported to guard and fan the eggs 
(Breder and Rosen, 1966: 404; Sterba, 1973: 618).
All observed teraponid behaviour patterns associated 
with spawning fall into the unspecialised most common categories 
listed in surveys of reproductive behaviour such as that by 
Greenwood (1975: 255-275).
Spawning season duration and timing varies widely 
from being continuous in one species to occurring only during 
a one month interval (six species); samples of these latter 
species are small. Of the remaining 10 species six are known 
to spawn over a period of four or more months and another four 
species spawn over intervals of two months or more. In all
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except one marine species the season includes some summer 
(warmer) months.
Among the ten species where egg type is known, five 
species have demersal eggs and five have pelagic eggs; marine 
and fluviatile species have eggs of each type. Three of the 
species with demersal eggs have a non-adhesive type. The 
marine T. jarbua has an adhesive type. Although fertilized 
A. percoides eggs have not been observed the features of the 
water-hardened ova are those of demersal eggs. Examination of 
a small sample of A. percoides water-hardened ova revealed 
the following key features: chorion diameter from 0.40 to 
0.44 mm (mean 0.43 mm); a thick chorion with a finely 
striated surface displaying a finely reticulate pattern; 
yolk diameter from 0.31 mm to 0.33 mm (mean 0.32 mm); yolk 
densely homogeneous, no oil globules apparent; a small per- 
ivitelline space.
Bidy anus and Soortum species are the only fluviatile 
teraponids known to have pelagic eggs and this is noteworthy 
for two reasons. Firstly, available information suggests that 
this is an uncommon egg type amongst freshwater fishes (Lowe- 
McConnell, 197 5 : 3) . Secondly, in the author's experience
whilst the combined geographic range of the two genera is 
vast, the streams which members of both genera inhabit are 
predominantly of one type. At the northern, eastern and southern 
extremities of the generic ranges, Bidyanus and Soortum 
species are allopatric; however, over a wide area in both 
the Lake Eyre and Bulloo-Bancannia Drainage Divisions one 
species of each genus co-habit in streams that have long 
meandering courses with a low gradient and slow flow rate 
during summer months.
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Generally Bidyanus and S. hillii eggs possess the 
characteristics of marine pelagic eggs; in contrast, high 
fecundity with transparency and the presence of oil globules 
in demersal H. fuliginosus eggs would not be considered typical 
for freshwater species (Breder, 1962). Many of the northern 
coastal rivers are short and steep - an unfavourable habitat 
for pelagic eggs. Flow is so rapid that by the time post­
larvae had developed the young stages would be washed into 
estuaries or beyond; also, fast flowing turbid conditions 
are not conducive to a high production of planktonic food 
for pelagic larvae.
The limited developmental data available suggest 
that at similar temperatures incubation times are longer in 
species with demersal eggs (e.g. L. unicolor3 H. fuliginosus)3 
than in species with pelagic eggs (e.g. 3. bidyanus3 B. wslchi3 
S. hillii). A similar observation was made by Auty (1978) 
for two Australian freshwater eleotrids.
The features of the prolarvae of L. unicolor3 
H. fuligino sus 3 B. bidyanus 3 B. welchi3 and S. hillii that 
permit identification and indicate the stage of development 
are: buoyancy, maintenance of equilibrium and orientation,
direction of swimming movements and response to light. The 
postlarval stage commences up to a week after spawning and 
development is completed in about four weeks.
In summary all published and unpublished studies to date 
indicate that teraponids are dioecious, oviparous and possess 
paired gonads of the standard type (Lagler et al3 1962: 95-
97). Sexual dimorphism is minimal. It is suggested that the 
slightly enlarged urogenital papillae observed in mature 
L. unicolor and small numbers of H. fuliginosus and 3. bidyanus
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females should be included in the category of requisite 
secondary sex characters (Breder, 1966: 613; Llewellyn,
1973; Merrick, unpublished data).
The external fertilization generally involves large 
numbers of demersal non-adhesive, demersal adhesive or semi- 
pelagic eggs and there is no parental care. Development is 
normally rapid; incubation taking between 24 and 50 h; post- 
larval development commencing between four and six days 
after spawning; metamorphosis to the adult form completed 
three to four weeks after spawning. Available data suggest 
that as far as marine species are concerned, one or a com­
bination of the following factors are necessary for successful 
spawning: relatively shallow waters; temperatures exceeding
20°C; substantial salinities or hypersaline conditions; 
some rocks or cover. Three marine species apparently undergo 
at least some local migration to river mouth areas or estuarine 
shallows. Spawning in Australian fluviatile species requires: 
limited ranges of temperatures, fluctuating water levels, flow, 
photoperiod, food abundance and a chemical associated with 
soil. Prespawning migrations of varying magnitude and durations 
occur and where details are known, natural spawning has 
involved schools of 50 - 100 fish in protracted activities - 
polyandrous associations are thought to be formed in some 
species. The annual spawning season may be brief or extended 
and may involve two or more partial spawnings.
Although adapted to complex, harsh and erratic conditions 
the only reproductive specialization known among Australian 
fluviatile species is the apparent reaction to soil chemicals. 
Certainly the previous soil reaction observations and behaviour
combine to reinforce the conclusion that chemical influences 
of three types could be associated with teraponid reproduction. 
The first type includes long term, continuous changes in soil 
compound concentrations; the second type is the short term 
concentration increase of a soil-based stimulant immediately 
prior to spawning; the third type is the endogenous production 
of a short-term short range pheromone.
Rapid reaction to soil inundation and the behavioural 
observations, when considered w7ith the known olfactory acuity 
of fishes and use of olfaction to achieve spawning success, 
suggest the existence of olfactory mechanisms in teraponid 
reproduction.
No published work has been found on the evolution 
of mating systems in this family, but the following observations 
and considerations are relevant.
Discussing freshwater fish communities, Lowe-McConnell 
(1975: 249) says that whilst pelagic fishes become uniform
in genotype and specialized to use a particular food, fishes 
living with cover become diverse in genotype; this latter 
group undergoes adaptive radiations to use varied kinds of 
food. It has been pointed out that a flexible genome is 
advantageous for survival in the changeable and erratic 
conditions prevailing in Australian streams (J.R. Paxton, pers. 
comm., 1975). Firstly, gut analyses of Hephaestus fuliginosus 
and Leiopotherapon uniootor (S.H. Midgley, unpublished data) 
support Lowe-McConnell's suggestion of fishes living with 
cover having varied diets. Secondly, the morphometric and 
colour variations exhibited by such widespread species as 
Amniataba percoide s H. fuliginosus 3 and L. unioolor also 
indicates an underlying flexibility in the genome (J.R. Merrick, 
unpublished data).
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May r (1974: 657) states that selection should favour
the evolution of a rigid stereotyped mode of intraspecific 
reproductive behaviour. This would result in individuals 
giving the exact, precisely timed and clearest signals. When 
flood water spawning conditions are considered, it is apparent 
that very rigid behaviour peitterns, based on total visual 
form and colouration stimuli, would not be advantageous or 
indeed possible in some local teraponids. Chemical and 
accoustic signals may be important but their use would be 
difficult in the flowing, turbulent waters selected by a 
number of species as spawning sites.
Reproductive Strategies
Preliminary salinity tolerances measured indicate that 
teraponids come under the euryhaline and hol-euryhaline 
categories (Hart, 1974: 72; Lenanton, 1977; Glover and
Sim, 1978); this osmoregulatory capacity no doubt assists 
these fishes to inhabit a variety of habitats and may 
partially explain why teraponids have remained relatively 
unspecialised as far as reproduction^is concerned. As 
fluviatile species are relatively recent marine invaders and 
as tropical freshwaters are as variable - in different ways - 
as coastal oceanic or estuarine environments, with no 
osmoregulatory stress (due to inherited physiological tolerance) 
generalised marine reproductive modes could be transferred to 
the new environments.
Summarising the current knowledge of teraponid repro­
duction the following general points may be made. Firstly, 
there has been no development of anadrcmy or catadromy. All 
species tested show a high tolerance to salinity and migrations
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within and between fluviatile and estuarine-oceanic habitats 
are known. Some marine species appear to spend extended 
periods in freshwaters; Chubb zt al3 (1979) report that
some A. caudavittatus populations - previously considered 
marine - remain in estuarine and adjacent freshwaters through­
out the life cycle. Secondly, the only fluviatile species 
known to have pelagic eggs are representatives of the more 
derived Bidyanus and Scortum species groups, largely 
restricted to one stream type. Thirdly, congeners do not 
necessarily have the same egg type. Fourthly, in the more 
derived genera, containing only fluviatile species, the 
adults attain the largest size with concomitant high
S'
fecundities. Fifthly, the soil-based reproductive influence 
has only been observed in the more derived genera. Sixthly, 
with the exception of L. plumbeus spawning always occurs 
within a restricted annual season of variable duration but 
including some warmer months.
So although knowledge of the Teraponidae is increasing 
the elucidation of familial reproductive strategies will be 
dependent on further life cycle information.
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APPENDIX 2
Detailed Sagittal Descriptions for 
Teraponidae
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Amniataba oaudavittatus 
(15: 61.5 mm SL - 238.0 mm TL)
Sagitta medium sized (maximum observed length 7.50 mm), 
elongate, obliquely lanceolate, concavo-convex, low to high 
(height/length ratios of 0.41 to 0.51), greatest height and 
depth near vertical midline.
Postero-dorsal margin long, slightly convex to distinctly 
concave, irregular to crenate or lobed, postero-dorsal angle 
rounded or acutely pointed; dorsal margin short, irregular or 
ornamented with rounded processes; antero-dorsal angle rounded 
or acutely pointed; antero-dorsal margin irregular, antirostrum 
generally distinct, varying amounts of excisural deposits alter 
degree of prominence, excisural ostium discernible; excisural 
surface uneven to crenate, rostrum distinct. Antero-ventral 
margin smooth or slightly uneven, ventral margin crenate or 
dentate; postero-ventral margin, smooth or irregular, posterior 
angle generally acutely pointed, not notched.
Medial surface inflated, smooth centrally, roughened 
peripherally. Sulcus acusticus bicristial, heterosulcoid, opening 
ostial-pseudocaudal and collicula (2) are homomorph; the long 
sulcus is divided into an ostium and cauda of almost equal length; 
the broad cauda has parallel sides with a gradual ventral curvature 
in the posterior half of its length before acutely tapering to the 
post-caudal trough. Dorsal area very narrow, smooth and variably 
sculptured; ventral area broad and smooth; ventral furrow not 
discernible.
Lateral surface concave, smooth centrally, roughened per­
ipherally. A distinct shallow groove tapers from the excisural 
ostium toward the central body; a poorly defined depression 
extends from the postero-dorsal margin horizontally to the central 
body. One or more small processes may be present adjacent to the
ventral marain.
- 2 2 4 -
In most specimens the lateral surface 
the ventral area is distinctly concave; the 
the horizontal longitudinal axis orientated 
parallel to the dorsal margins is a zone of
corresponding 
dorsal region 
approximately 
differential
to
above
hick-
ening.
Amniataba percoides 
(15: 41.5 - 143.0 mm)
Sagitta medium sized (maximum observed length 5.45 mm), 
elongate, obliquely elliptical to trapezoidal, concavo-convex, 
low to high (height/length ratios of 0.45 to 0.61) , greatest 
height and depth near vertical midline.
Postero-dorsal margins vary from convex to distinctly 
concave; ornamentation ranges from smooth irregularity to lobing.
A prominent postero-dorsal angle separates this and the dorsal
/
margin which is convex, entire or lobed. Antero-dorsal margin 
irregular, antirostrum distinct, varying amounts of excisurai 
deposits alter degree of prominence, excisurai ostium usually 
distinct; excisurai surface smooth to uneven, rostrum distinct. 
Antero-ventral margin smooth or slightly uneven, ventral margin 
normally smooth anteriorly becoming irregular and crenate poster­
iorly; postero-ventral margin is continuous and smooth to 
irregular generally with a slight depression adjacent to the 
post-caudal trough; posterior angle acute to broad and obtuse, 
occasionally slightly notched.
Medial surface inflated, smooth centrally, roughened 
peripherally. Sulcus acusticus, bicristial, heterosulcoid, 
opening ostial and collicula are homomorph; the long narrow 
sulcus is divided into a relatively short ostium and long 
cauda; cauda is shallow, width increases posteriorly to short 
curved portion with acute tapering to the constricted entrance
- 225 -
to the wide, shallow indistinct post-caudal trough. Dorsal 
area narrow, smooth with slight patterning; ventral area 
broad and smooth; ventral furrow barely discernible anteriorly.
Lateral surface slightly concave, smooth centrally, 
roughened peripherally. Numbers of shallow radiating deposition 
lines separate marginal process bases. Generally a shallow groove 
extends from the excisural ostium; normally short this groove 
may extend into the central body; posteriorly a wide shallow 
groove extends from the cleft separating the postero-dorsal angle 
from postero-dorsal margin to the central body.
Change in shape from elliptical to trapezoidal appears . 
related to size; the smallest specimen and a few individuals up 
to SL 106.0 mm have elliptical sagittae; most specimens including 
all those longer than 106.0 mm have trapezoidal sagittae. In some 
specimens differential thickening has occurred either in the 
central body or in the region dorsal to the longitudinal axis 
in a ridge approximately parallel to the dorsal margin; the devei 
opment of a ventral postero-ventralridge has also been noted in 
several specimens. Two specimens show irregular peg-like processe 
adjacent to the antero-ventral margin.
Pelates quadrilineatus 
(10: 42.5 - 120.0 mm)
Sagitta medium sized (maximum observed length 4.40 mm), 
obliquely lanceolate, concavo - convex, low to high (height/ 
length ratios of 0.40 to 0.55), greatest height and depth at or 
immediately anterior to vertical midline.
Postero-dorsal and dorsal margins irregular and/or crenate 
Antero-dorsal margin smooth or slightly uneven, anti rostrum 
distinct, excisural ostium barely discernible; excisural surface
- 2 2 6 -
smooth to irregular, rostrum distinct. Antero-ventral margin 
crenulate or denticulate, ventral margin smooth or irregularly 
crenulate; pcstaro-ventral margin straight to distinctly concave, 
smooth to irregularly crenate; acute posterior angle not notched.
Medial surface inflated, smooth centrally, roughened to 
rugose peripherally. Sulcus acusticus bicristial, heterosulcoid, 
opening ostial - pseudocaudal and collicula (2) are homomorph; 
the long sulcus is divided into a long, narrow ostium and equal 
cauda; cauda has parallel sides and gradual regular ventral 
curvature occurs in posterior half length, posterior apex acutely 
rounded. Dorsal area narrow, smooth with slight sculpturing; 
ventral area broad, smooth with fine sculpturing.
Lateral surface distinctly concave, the posterior central 
body smooth, posterior periphery roughened to rugose. Anterior 
region, bounded by distinct vertical cleft adjacent to position 
of vertical midline, rugose (radiate pattern); cleft extends 
from dorsal margin to central body or further ventrally. A 
shallow horizontal ostial groove extends towards central body; 
prominence of this tapering groove variable.
Increases marginal ornamentation accompanied increase in 
size and the postero-aorsal angle, which is conspicuous in 
specimens below 50 mm SL, decreases in prominence. In small 
specimens the degree of posterior caudal curvature is minimal; 
in large specimens the length and angle of the curved caudal 
portion increases.
Pelates sexlineatus 
(9: 57.0 - 198.0 mm)
Sagitta medium sized (maximum observed length 7.75 mm), 
obliquely lanceolate, concavo-convex, low to high (height/ 
length ratios of 0.36 to 0.52) , greatest height at or immediately
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ant srior to vertical midline; greatest depth posterior to 
vertical midline.
Postero-dorsal margin straight or slightly concave, 
slightly irregular to finely denticulate; dorsal margin slightly 
convex, irregularly crenate. Antero-dorsal margin smooth or 
slightly uneven, antirostrum distinct, excisural ostium dis­
cernible; excisural surface uneven to finely denticulate or 
serrulate, rostrum distinct. Antero-ventral margin smooth to 
denticulate, ventral margin denticulate anteriorly, uneven to 
irregularly crenate posteriorly; postero-ventral margin straight 
or slightly concave, uneven to irregularly crenate generally 
with a depression adjacent to the position of the post-caudal 
trough; acute posterior angle not notched.
Medial surface inflated, smooth centrally, roughened 
to regularly rugose peripherally. Sulcus acusticus bicristial, 
heterosulcoid, opening ostial and collicula (2) are homcmorph; 
the long sulcus is divided into a narrow ostium and slightly 
longer cauda; cauda has parallel sides, slight to gradual ventral 
curvature posteriorly and tapers acutely to a short, shallow 
and narrow post-caudal trough. Dorsal area narrow, smooth- 
ventral area smooth, variably sculptured and broad.
Lateral surface distinctly concave, smooth centrally, 
roughened to rugose peripherally. A shallow groove of variable 
length generally extends from the excisural ostium horizontally 
towards the central body.
The postero-dorsal angle, conspicuous in specimens up 
to SL 30.0 mm, decreases in prominence with further increase 
in size. In many specimens a radiate rugose pattern on the lateral 
surface of the anterior half of the sagitta was observed. In 
three specimens (TL 115.0 - 120.0 mm) differential thickening in 
a ridge extending from the central body to the posterior angle
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is present. In the largest sagittae several lateral surface 
peg-like processes are present antero-ventrally.
Terapon puta 
(4: 98.0 - 115.0 mm)
Sagitta medium sized (maximum observed length 4.80 mm), 
obliquely lanceolate concavo-convex, low (height/length ratios 
of 0.40 to 0.48) , greatest height and depth near vertical mid­
line .
Postero-dorsal and dorsal margins irregular or crenate. 
Antero-dorsal margin smooth to slightly irregular, antirostrum, 
distinct, excisural ostium discernible; excisural surface slightly 
irregular, rostrum distinct. Antero-ventral and ventral margins 
smooth or slightly uneven; postero-ventral margin irregular 
to crenulate and a depression adjacent to the post-caudal trough; 
posterior angle acutely pointed, not notched.
Medial surface inflated, smooth centrally, slightly 
roughened peripherally. Sulcus acusticus bicristial, hetero- 
sulcoid, opening ostial and coliicula (2) are homomorph; the 
long sulcus is divided into a relatively short ostium and a 
longer cauda; cauda has parallel sides and gradually curves 
ventrally over most of its length tapering to a rounded apex 
close to the postero-ventral margin. A very short post-caudal 
trough is barely discernible and extends into an irregular 
depression adjacent to the margin. Dorsal area narrow, smooth 
and variably sculptured; ventral area broad and smooth, ventral 
furrow not discernible.
Lateral surface distinctly concave, smooth centrally, 
roughened to rugose peripherally. A shallow groove of variable 
length extends horizontally from the excisural ostium towards 
the central body.
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In some specimens differential growth had apparently 
occurred along the dorsal margins increasing thickness in a 
ridge parallel to the margin and resulting in development of 
dorsal processes. The posterior angle portion of some sagittae 
was attenuated to assume an oblique acuminate configuration.
Tsrapon theraps 
(7: 133.0 - 195.0 mm)
Sagitta medium sized (maximum observed length 5.45 mm), 
obliquely lanceolate concavo-convex, low to high (height/ 
length ratios of 0.46 to 0.55) , greatest height and depth 
immediately anterior to vertical midline.
Postero-dorsal and dorsal margins irregular, lobed or 
dentate; a large process is present on anterior dorsal margin. 
Antero-dorsal margin smooth or slightly uneven, antirostrum 
and excisural ostium conspicuous; excisural surface uneven, 
rostrum conspicuous. Antero-ventral and ventral margins 
uneven with small processes posteriorly; postero-ventral margin 
irregular, crenate, with a slight depression adjacent to the 
post-caudal trough; posterior angle broad, irregular, not 
notched.
Medial surface inflated, smooth centrally, roughened 
peripherally. Sulcus acusticus bicristial, heterosulcoid, 
opening ostial-pseudocaudal and collicula (2) are homomorph; 
the long sulcus is divided into a tapering ostium and slightly 
longer cauda; cauda has parallel sides, gradual ventral curvatur 
posteriorly and is acutely tapered to a short, poorly defined, 
shallow post-caudal trough. Dorsal and ventral areas broad, 
smooth with slight sculpturing; ventral furrow barely discernibl 
anteriorly.
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Lateral surface concave, smooth centrally, roughened 
to rugose peripherally. A conspicuous tapering groove 
extends from the excisural ostium along the horizontal mid­
line to the central body.
- In the largest specimen differential growth had 
apparently occurred along the dorsal margins, increasing the 
height/length ratio and largely obliterating marginal orn­
amentation; the lateral excisural ostial groove had been almost 
obliterated by deposition in this specimen.
Pelsartia humevalis 
(3: 220.5 - 275.0 mm)
Sagitta large (maximum observed length 9.45 mm), 
irregularly trapezoidal, concavo-convex, low (height/length 
ratios of 0.40 to 0.43), greatest height and depth at or 
posterior to vertical midline.
Pos tero-dorsal margin uneven, irregularly crenulate to 
crenate; dorsal margin uneven to sinuate posteriorly, irreg­
ularly crenulate to lobed anteriorly; antero-dorsal margin 
uneven, crenate to lobed; antirostrum and excisural ostium 
conspicuous, excisural surface slightly uneven, serrulate, 
crenulate to pinnatifid anteriorly; rostrum long, distinct, 
degree of prominence varies with development of excisural 
deposits which may extend slightly beyond rostral apex. Antero- 
ventral margin uneven, crenulate to crenate; ventral margin 
anteriorly concave uneven, crenulate to pinnatifid or lobed 
posteriorly; postero-ventral margin irregular to lobed. Obtuse 
posterior angle not notched.
Medial surface inflated, smooth centrally roughened 
peripherally. Sulcus acusticus bicristial, heterosulcoid, opening
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ostial and colliculum (1) is homomorph; the sulcus is divided 
into a wide, open ostium and a long wide cauda; margins of 
anterior straight caudal portion approximately parallel, 
groove width maximal as gradual ventral curvature commences; 
short curved portion tapers acutely to a post-caudal trough 
of varying length and depth. Dorsal area narrow, slightly 
roughened, variably sculptured, dorsal furrow discernible; 
ventral area depressed and variably sculptured dorsally, 
smooth ventrally, broad.
Lateral surface concave, smooth centrally rugose per­
ipherally. A short well defined tapered ostial groove extends 
to the central body. Small numbers of protuberances, singly 
or grouped may be observed adjacent to the ventral margin 
or posteriorly.
In the largest specimen (SL 275.0 mm) antero-ventral 
and postero-ventral margins display pronounced angularity; 
the latter margin is concave and defined by distinct angles. 
Radiate rugae have undergone extensive development poster­
iorly, dorsally and anteriorly, whereas the area ventral and 
antero-ventral to the central body is distinctly depressed 
and relatively smooth. A zone of differential thickening can 
be seen extending from the area dorsal to the central body 
back to the posterior angle.
Mesopristes argent eus 
(1: ~ 80.0 mm)
Sagitta small (length 2.50 - 3.00 mm), elliptical, 
posteriorly regular, concavo-convex, low (height/length ratio 
of approximately 0.50) , greatest height and depth near vertica
midline.
Poster o-dor sal and dorsal margins crenate to lobed. 
Antero-dorsal margin uneven to irregular, antirostrum and 
excisural ostium conspicuous; excisural surface uneven. 
Antero-ventral margin irregular, serrulate; ventral and 
postero-ventral margins lobed; posterior angle acutely painted, 
not notched.
Medial surface inflated, smooth centrally, slightly 
roughened peripherally. Sulcus acusticus bicristial, hetero- 
sulcoid, opening ostial-pseuaocaudal and collicula (2) are 
homomorph; the long sulcus is divided into a short ostium and 
longer cauda; cauda has parallel sides with a slight posterior 
ventral curvature; no post-caudal trough discernible. Dorsal 
and ventral areas, broad and smooth.
Lateral surface concave, smooth. A short shallow tapering 
groove extends from the excisural ostium obliquely towards the 
central body.
Hephaestus fuliginosus 
(22: 129.0 - 288.0 mm)
Sagitta large (maximum observed length 10.45 mm) , 
obliquely lanceolate to spathulate, concavo-convex, low (height/ 
length ratios of 0.40 to 0.50), greatest height and depth 
adjacent to vertical midline.
Postero-dorsal, dorsal and antero-dorsal margins irregular, 
crenate to pinnatifid or lobed; antirostrum distinct generally 
conspicuous, excisural ostium distinct; excisural surface variable 
from slightly uneven to lobed; rostrum conspicuous, degree of 
prominence varies with extent of deposits. Antero-ventral margin 
slightly uneven to denticulate or crenulate; ventral margin 
slightly uneven anteriorly becoming more irregular - crenate to
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serrate; postero-ventral margin uneven to irregularly pinnatifid; 
posterior angle not notched.
Medial surface distinctly inflated, mostly smooth slightly 
roughened peripherally. Sulcus acusticus bicristial, heterosulcoid, 
opening ostial and collicula (2) are homomorph; the long sulcus 
is divided into a narrow ostium (ventral border of which is 
distinctly curved) and longer cauda; cauda has parallel sides 
anteriorly and gradual to sharp ventral curvature posteriorly; 
width of curved portion increases slightly and tapers abruptly 
to a short, poorly defined post-caudal trough. Dorsal area 
narrow, slightly roughened variably sculptured; ventral area 
wide, smooth.
Lateral surface concave, smooth centrally, roughened 
peripherally by concentric ridging and radiate rugae. A shallow 
ostial groove of variable length extends towards the central 
body.
In some larger specimens varying numbers of small peg­
like processes are observed on the lateral surface adjacent to 
the ventral margin, and less frequently antero-ventrally; the 
rostral area also appears to undergo differential increased 
growth with increase in size. In one of the largest specimens 
the posterior region of the ventral margin has grown abnormally 
and is ornamented with pinnate processes.
Hephaestus carbo 
(4: 90.0 - 160.0 mm)
Sagitta medium sized (maximum observed length 6.55 mm), 
obliquely lanceolate - both acute and obtuse, concavo-convex, 
low (height/length ratios of 0.43 to 0.50), greatest height 
and depth at and immediately anterior to vertical midline 
respectively.
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Posts ro-dor sa 1 margin straight to slightly concave, 
smooth to irregularly crenate; dorsal margin well defined by 
postero- and antero- angles, is smooth to irregularly crenate.
Antero-dorsal margin smooth or slightly uneven, antirostrum 
distinct, excisural ostium distinct; excisurai surface smooth 
to uneven, deposits partially obscuring rostrum. Antero- 
ventral and ventral margins smooth or uneven; postero-ventral 
margins irregular, ornamentation may include several small 
crenations; neither acute nor obtuse angles notched.
Medial surface inflated, mostly smooth slightly roughened 
peripherally. Sulcus acusticus bicristial, heterosulcoid, 
opening ostial and collicula (2) are homomorph; the long sulcus 
is divided by a thin collum into narrow ostium (dorsal border 
of which is distinctly curved) and longer cauda; cauda has 
parallel sides anteriorly, gradual ventral curvature posteriorly 
width of curved portion increases slightly and termination of 
groove is acutely rounded. Dorsal and ventral areas narrow, 
smooth or variably sculptured.
Lateral surface concave and smooth centrally, roughened 
peripherally. The annular peripheral thickening is in the form 
of concentric and radiate ridges; additional small processes are 
present antero-ventrally.
In the smaller specimens marginal ornamentation was more 
extensive and a shallow ostial groove extended horizontally to 
the central body. Peripheral annular thickening increases with
size .
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B i d y a n u s  b ' id y a nu s  
(20: 152.5 - 381.0 mm)
Sagitta large (maximum observed length 10.20 mm), 
obliquely elliptical with obtuse extremities, concavo-convex, 
low to high (height/length ratios of 0.38 to 0.52), greatest 
height and depth at or immediately anterior to the vertical 
midline.
Postero-dorsal and dorsal margins slightly uneven to 
pinnatifid or lobed; dorsal angle and/or antero-dorsal angle 
generally distinct, antero-dorsal margin smooth or slightly 
uneven to crenate; antirostrum and excisural ostium discernible; 
excisural surface smooth to irregular rounded anteriorly; 
rostrum discernible, partially obscured by extensive excisural 
deposits which may extend slightly beyond rostral apex. Antero- 
ventral margin smooth or slightly uneven; ventral margin smooth 
anteriorly, posteriorly irregular - serrulate to dentate; 
postero-ventral margin irregular sinuate to pinnatifid or lobed, 
the obtuse posterior angle frequently notched.
Medial surface inflated, mostly smooth, roughened per­
ipheral zones increasing in extent posteriorly and dorsally. 
Sulcus acusticus bicristial, heterosulcoid, opening ostial and 
collicula (2) are homomorph; the long sulcus is divided into 
a short wide ostium and a long broad cauda; cauda has parallel 
sides anteriorly and slight to sharp ventral curvature poster­
iorly; width of curved portion increases and groove tapers 
abruptly to a short, wide post-caudal trough of variable depth. 
Dorsal area broad, slightly roughened, variably sculptured; 
ventral area wider, smooth.
Lateral surface concave, smooth centrally roughened 
peripherally by concentric ridging and radiate rugae. A shallow 
poorly defined ostial groove of variable length extends towards 
the central body.
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In large specimens (SL 310.5 - 381.0 mm) caudal depth 
was noticeably greater, the ventral caudal margin of the 
anterior uncurved length was irregular and varying numbers of 
small peg-like processes were observed adjacent to the ventral 
margin and anteriorly on the lateral surface.
Bidyanus wel chi 
(19: 100.0 - 250.0 mm)
Sagitta medium sized (maximum observed length 6.90 mm), 
obliquely elliptical to ovate, concavo-convex, low to high 
(height/length ratios of 0.47 to 0.54) , greatest height at or 
immediately anterior to vertical midline, greatest depth at or 
posterior to vertical midline.
Postero-dorsal margin uneven, irregular denticulate to 
crenate, dorsal margin uneven to lobed; antero-dorsal margin 
smooth or slightly uneven to crenate; antirostrum and excisural 
ostium discernible to conspicuous; excisural surface smooth to 
irregularly rounded anteriorly, rostrum generally distinct, 
degree of prominence, varies with development of extensive 
excisural deposits. Antero-ventral margin smooth to irregularly 
crenulate; ventral margin smooth anteriorly to irregularly 
dentate or crenate posteriorly; postero-ventral margin irregular, 
broadly sinuate, dentate, crenate to lobed. The acute or obtuse 
posterior angle not notched.
Medial surface inflated smooth centrally and ventrally, 
roughened peripheral zones increasing in extent posteriorly 
and dorsally. Sulcus acusticus, bicristial, heterosulcoid, 
opening ostial and colliculum (1) is homomorph; the long sulcus 
is divided into a short narrow ostium and a longer broad cauda; 
cauda has parallel sides anteriorly and groove width increases 
slightly posteriorly to a very short ventrally curved
- 237 -
portion; posterior apex acutely rounded; short shallow post- 
caudal trough present in some specimens. Dorsal area broad, 
slightly roughened, variably sculptured; ventral area broad, 
smooth; ventral furrow peripheral, barely discernible.
, Lateral surface concave, smooth centrally roughened 
peripherally by concentric ridging and radiate rugae. A 
shallow poorly defined ostial groove of variable length 
extends towards the central body.
In larger specimens (SL 155.0 - 250.0 mm) up to several 
small peg-like processes can be observed adjacent to the 
ventral margin and anteriorly on the lateral surface.
S c o r  turn i i i l l i i  
(7: 141.5 - 280.0 mm)
Sagitta large (maximum observed length 9.10 mm), obliquely 
elliptical to lanceolate, concavo-convex, low to high (height/ 
length ratios of 0.43 to 0.51), greatest height at or immediately 
anterior to vertical midline, greatest depth at or posterior to 
vertical midline.
Postero-dorsal margin irregular, denticulate to crenate 
or sinuate, dorsal margin irregular crenate to pinnatifid or 
lobed, dorsal and/or antero-dorsal angle generally distinct; 
antero-dorsal margin slightly uneven to crenulate; antirostrum 
and excisural ostium distinct; excisural surface slightly uneven 
to crenulate, irregularly rounded anteriorly, rostrum distinct, 
degree of prominence varies with development of extensive 
excisural deposits which may extend slightly beyond rostral 
apex. Antero-ventral margin smooth to slightly uneven or dent­
iculate; ventral margin slightly uneven anteriorly becoming 
irregular to lobed posteriorly; postero-ventral margin irregular
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sinuate, dentate to lobed. The acute or obtuse posterior angle 
notched in larger specimens.
Medial surface inflated, mostly smooth with roughened 
peripheral zones dorsally and posteriorly. Sulcus acusticus 
bicristial, heterosulcoid, opening ostial and collicula (2) 
are homomorph; the long sulcus is divided into a short ostium 
and much longer cauda; broad cauda tapers slightly to be 
narrowest midway along its length, groove width increases over 
the posterior ventral curvature; posterior apex acutely 
rounded. Dorsal area narrow, smooth but variably sculptured; 
ventral area broad, smooth, ventral furrow discernible.
Lateral surface concave, smooth centrally roughened per­
ipherally by concentric ridging and radiate rugae. A shallow 
wide ostial groove of variable length extends towards the central 
body. Up to several small peg-like processes may be observed 
adjacent to the ventral margin or more rarely antero-ventrally.
In specimens above SL 221.0 mm the posterior portion 
becomes attenuated to assume an acute to acuminate configuration. 
In some large specimens differential lateral surface thick­
ening in the form of a posterior, horizontal ridge from the 
central body to posterior angle has been noted.
Scortum parvioeps 
(14: 131.0 - 286.5 mm)
Sagitta large (maximum observed length 10.7 0 mm.) , obliquely 
elliptical to lanceolate, concavo-convex, low (height/length 
ratios of 0.38 to 0.49), greatest height at or immediately 
anterior to vertical midline, greatest depth posterior to 
vertical midline.
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Postero-dorsal margin uneven to crenate, dorsal margin 
irregularly sinuate or crenate to lobed; antero-aorsal margin 
slightly uneven to lobed; antirostrum distinct; excisural 
ostium generally distinct with degree of prominence varying 
with-deposit development; excisural surface slightly uneven, 
serrulate to lobed; rostrum distinct. Antero-ventral and 
ventral margins smooth to slightly uneven; postero-ventral 
margin irregular, serrulate to crenate. The acute or obtuse 
posterior angle generally notched.
Medial surface inflated, mostly smooth with rugose 
peripheral zones dorsally and posteriorly. Sulcus acusticus 
bicristial, heterosulcoid, opening ostial and collicula (2) 
are homomorph; the long sulcus is divided into a short ostium 
and much longer cauda; cauda tapers slightly to be narrowest 
midway along its length, groove width increases slightly over 
the gradual posterior ventral curvature; posterior apex acutely 
rounded. Dorsal area narrow, roughened, variably sculptured; 
ventral area broad and smooth.
Lateral surface concave, smooth centrally roughened 
peripherally by concentric ridging and radiate rugae. A shallow 
poorly defined ostial groove of variable length extends towards 
the central body. Up to several small irregularly shaped 
processes ventrally and/or anterc-ventrally.
In the larger specimens (SL > 189.0 mm) differential 
thickening can be observed in a horizontal ridge formation 
from the central body to posterior angle; prominence of posterior 
notching also increases with size.
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Scor turn barcog 
(14: 165.0 - 228.5 mm)
Sagitta medium sized (maximum observed length 7.55 mm) 
trapezoidal, concavo-convex, low to high (height/length ratios 
of 0.4'0 to 0.51), greatest height at or immediately anterior 
to vertical midline, greatest depth at or immediately posterior 
to vertical midline.
Postero-dorsai margin irregularly pinnatifid to lobed, 
dorsal margin irregularly crenate to pinnatifid or lobed; antero- 
dorsal margin slightly uneven to lobed; antirostrum distinct; 
excisural ostium distinct to conspicuous; excisural surface 
slightly uneven to lobed; rostrum conspicuous. Antero-ventral 
and ventral margins slightly uneven to crenulate; postero- 
ventral margin irregular, uneven to dentate or crenate. The 
acute or obtuse posterior angle not deeply notched.
Medial surface inflated, mostly smooth with rugose 
peripheral zones dorsally and posteriorly. Sulcus acusticus 
bicristial, heterosulcoid, opening ostial and colliculum (1) 
is homomorph; the long sulcus is divided into a short tapered 
ostium and much longer cauda; narrow cauda has parallel sides 
anteriorly but groove width increases slightly in the short 
ventrally curved posterior portion; posterior apex acutely 
rounded to shallow poorly defined post-caudal trough. Dorsal 
area broad, slightly roughened by radiate striations; ventral 
area broad and smooth.
Lateral surface concave, smooth centrally roughened 
peripherally by radiate rugae. A shallow ostial groove of 
variable length extends towards the central body. Up to 
several small irregularly shaped processes adjacent to the 
ventral margin and/or anteriorly.
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Slight notching of the posterior angle was observed 
in some specimens throughout the size range.
Ping all a lorenizi 
(3: 68.0 - 99.5 mm)
Sagitta medium sized (maximum observed length 4.05 mm), 
obliquely ovate, concavo-convex, high (height/length ratios 
of 0.55 to 0.57), greatest height and depth at vertical mid­
line .
Pos tero-dorsal margin lobed, separated by an obtuse 
postero-dorsal angle from the sinuate dorsal margin; both 
dorsal and antero-dorsal angles distinct; antero-dorsal margin 
smooth, even; antirostrum and excisural ostium distinct; 
excisural surface irregular, rounded anteriorly; rostrum 
distinct; antero-ventral and ventral margins slightly uneven 
to crenate; postero-ventral margin sinuate to crenate. The 
acute posterior angle not notched.
Medial surface inflated, mostly smooth, slightly rough­
ened peripherally with a rugose zone posteriorly. Sulcus acusticu 
bicristial, heterosulcoid, opening ostial and collicula (2) 
are homomorph; the long sulcus is divided into short narrow 
ostium and longer broad cauda; the anterior straight caudal 
portion has parallel sides, groove width decreases regularly 
in the short gradually curved posterior portion with a rounded 
apex. Dorsal and ventral areas broad and smooth.
Lateral surface slightly concave, smooth centrally 
slightly roughened peripherally by concentric ridging and 
radiate rugae. Two broad tapering horizontal grooves almost 
bisect sagitta; anteriorly an ostial groove extends to the 
central body; a poorly defined but deep depression extends
from the mid-postero-dorsal margin towards the central body.
Ping alio, gilberii 
(10: 58.0 - 92.5 mm)
Sagitta small (maximum observed length 3.50 mm) obliquely 
elliptical to ovate, concavo-convex, low to high (height/length- 
ratios of 0.46 to 0.58), greatest height at or immediately 
anterior to vertical midline, greatest depth at or immediately 
posterior to vertical midline.
Postero-dorsal margin straight or distinctly concave, 
smooth to crenate; prominent obtuse postero-dorsa1 angle 
separates an irregular, sinuate to crenate dorsal margin with 
a distinct dorsal angle; antero-dorsal margin smooth, slightly 
uneven to crenate; antirostrum distinct, degree of prominence 
varies with development of excisural deposits; excisural 
ostium discernible, occasionally conspicuous; excisural surface 
irregular, rounded anteriorly; rostrum distinct. Antero-ventral 
and ventral margins smooth or slightly uneven to finely crenate; 
postero-ventral margin irregular, serrulate to crenate. The 
acute or obtuse posterior angle not notched.
Medial surface inflated, mostly smooth, roughened 
peripherally. Sulcus acusticus bicristial, heterosulcoid, opening 
ostial and collicula (2) are homomorph; the sulcus is divided 
into a short narrow ostium and longer broad cauda; cauda has 
parallel sides anteriorly but tapers gradually in the posterior 
portion which gradually curves ventrally, the apex is abruptly 
rounded. Dorsal area narrow, smooth; ventral area broad and 
smooth.
Lateral surface slightly concave, mostly smooth with 
slight dorsal and posterior rugae.
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In the smallest specimens the posterc-dorsa.l angle is 
conspicuous but the degree of prominence decreases with increa 
in size. Some specimens show extensive development of shallow 
lateral surface rugae.
Synaomistes buileri 
(10: 110.5 - 276.0 mm)
Sagitta medium sized (maximum observed length 7.45 mm), 
obliquely elliptical to trapezoidal, concavo-convex, low to 
high (height/length ratios of 0.40 to 0.56), greatest height 
and depth adjacent to vertical midline.
Postero-dorsal and dorsal margins irregular, crenate 
to lobed; antero-dorsal margin slightly uneven to crenate; 
antirostrum and excisural ostium distinct, generally con­
spicuous; excisural surface smooth to irregularly rounded 
anteriorly; rostrum distinct, degree of prominence varies 
with development of excisural deposits. Antero-ventral 
margin smooth to slightly uneven, ventral margin smooth 
anteriorly, crenate posteriorly; postero-ventral margin 
irregular, denticulate or crenate to lobed. The acute or 
obtuse posterior angle not notched.
Medial surface inflated, smooth centrally roughened 
peripherally. Sulcus acusticus bicristial, heterosulcoid, 
opening ostial and colliculum (1) is homomorph; the sulcus 
is divided into a narrow7 tapered ostium and longer tapered 
cauda; caudal sides taper anteriorly so that minimal groove 
width occurs midway along caudal length where gradual ventral 
curvature commences; posterior apex acutely rounded. Dorsal 
area narrow, slightly roughened; ventral area broad, smooth; 
ventral furrow discernible.
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Lateral surface concave, smooth centrally, roughened 
peripherally by concentric ridging and radiate rugae. A 
shallow ostial groove of variable length extends towards the 
central body.
In a few specimens a short shallow, blind post-caudal 
trough was noted on the medial surface; one or two small peg­
like processes ventrally and antero-ventrally on the lateral 
surface were also observed. In the largest specimen the 
posterior angle has become attenuated to assume an acuminate 
configuration and a ridge of differential thickening extends 
from an area dorsal to the central body to the posterior angle.
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APPEMDIX 3
Electrophoretic Data Summary Table
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APPENDIX 4
Reproductive Data
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table 15. Body length, total weight, gcnad maturation ratings, 
fecundity estimates, oocyte diameters and collection 
details for individuals of nine teraponid species. Specimens 
are listed by drainage division in the case of fluviatle 
forms and by province in the case of marine species.
Province names used are those suggested by Briggs (1974).
Dashes or blank spaces indicate that no data are available.
Asterisks indicate those individuals used in spawning trials - body lengths 
of these specimens are all SL.
Many of the H. fuliginosus body weights were taken on an imperial balance 
to the nearest half ounze; as one ounze is equivalent to 28.35 gms the 
error estimate is valued at 15.00 gms.
H. fuliginosus total lengths were measured to the nearest quarter inch 
(i.e. 6.35 mm); error estimate is considered to be 5.00 mm. Where 
standard lengths only of H. fuliginosus are known the specimens are grouped 
together at the end of the section.
H. fuliginosus data have been taken over the period 1967-1979. When weights 
are based on preserved material, no allowance for differential shrinkage or 
tissue weight loss has been made.
g Absolute calculated estimates are rounded to the nearest thousand.
C Figures include range of diameters observed in 5, 10 or 20 mature oocytes - 
mean value is included in parentheses.
A fish which has not yet spawned for the first time is designated as a virgin 
(V), whereas a fish which has spawned previously is listed as mature (M) .
Where there is no identification number listed, the specimens have been 
discarded after examination.
In the case of most trial specimens the date listed is that on which the 
animals were measured and rated immediately before experimentation; these 
dates do not correspond to the time of original field collection at the
described sites.
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MATERIAL LIST
Order Beryciformes
Polymixiidae
Polymixia japonic 
South-eastern Australia Province 
AMS I. 20118-015: 2(80.0, 110.0 mm) East of Wooli, N.S.W.,
F.R.V. Kapala, D. Blake and H. Larson, 23 August 1977
Direr midae
Diretmus pauciradiatus 
South-eastern Australia Province 
AMS I. 20491-001: 2(230.0, 234.0 mm) Eastern Bass Strait
off Victorian Coast, F.R.V. Kapala, 19 July 1977.
Berycidae
Beryx decdactylus 
South-eastern Australia Province 
AMS I. 15951-002: 1(440.0 mm) Sydney fish markets, July 1971
Beryx splendens
South-eastern Australia Province 
AMS I. 18117-003: 2(310.0, 150.0 mm) Off Sydney, N.S.W.,
F.R.V. Kapala, 5 December 1974.
Csntroberyx affinis 
South-eastern Australia Province 
AMS Ot. 156: 24 (size range unknown) Montague Island, N.S.W.
P. Foster, 2 December 1970.
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Holocentridae
Holocenirus major 
South-eastern Australia Province 
AMS I. 15937-001: 1(187.0 mm) Eden, N.S.W., collector unknown,
Order Scorpaeniformes
Platycephalidae
Platy c ephalus fuscus 
South-eastern Australia Province 
J.R.M. Ot. 1200: 3(150.0 - 340.0 mm) Wallis Lake, N.S.W.,
J.R. Merrick and party, September 1974.
Order Perciformes
Amta s s ida e
Priopidichthy s Mari anus 
South-east Coast Drainage Division 
AMS Ot. 290: 2 (size unknown) Parramatt River, collector unknown 
1972 .
Centropomidae
Psammoperca waigensis 
Timor Sea Drainage Division
AMS Ot. 151: 1(size unknown) Aboriginal middens, Arnhem Land, 
N.T., C. White, 1969.
Serranidae
Ac ant his tius s err at us 
South-eastern Australia Province 
AMS O t . 273: 5(150.0 - 220.0 mm) Seal Rocks, N.S.W., Macquarie 
University party, 24 May 1972.
Caesioperca "lepidoptera 
South-eastern Australia Province
1971.
AiMS I. 15400-001: 1 ( 238.0 mm) Eden, N.S.W., R. Low, 14 June 1969 ,
- 2 7 7 -
Serranidae
Ellerkeldia annulate.
South-eastern Australia Province 
AMS I. 17234-001: 1(170.0 min) Off Sydney, collector unknown,
23 July 1973.
Epznepke lus undu latos triatus 
South-eastern Australia Province 
AMS Ot. 261: 1(295.0 mm) N.S.W. coast, collector and date
unknown.
Ostracoberyx sp.
South-eastern Australia Province 
AMS I. 20113-005: 1(93.0 mm) East of Wooli, N.S.W., F.R.V.
Kapala, D. Blake and H. Larson, 23 August 1977.
Poly prion oxy genios 
South-eastern Australia Province 
AMS Ot. 446: l(size unknown) N.S.W., coast, collector unknown, 
February 1976.
Perciòhthyidae
Mao cullo cheli a peeli
South-east Coast Drainage Division - 
J.R.M. Ot. 2000: 1(261.0 mm) Cataract River, upstream of
Cataract Dam, J.R. Merrick and party, November-December, 1977; 
J.R.M. Ot. 2001: 1(103.5 mm) Cataract River, upstream of
Cataract Dam, J.R. Merrick and S.P. Turvey, 7 November 1977.
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Percichthyidae
Maoquaria ambigua
North-east Coast Drainage Division 
J.R.M. Ot. 1210: 1(310.0 TL) Tinbeerwah, S.E. Qlb., collecto:
and date unknown.
Murray-Darling Drainage Division 
J.R.M. Ot. 1211: 1(340.0 mm) Murrumbidgee River upstream
of Narrandera, Fisheries Research Station staff, 10 
October 1975; J.R.M. Ot. 1219-20: 2(size unknown)
Murrumbidgee River at Narrandera, collector and date 
unknown.
Maoquaria australasioa 
Murray-Darling Drainage Division 
J.R.M. Ot. 1204: 1(88.5 mm) Upper Abercrombie River,
W . Magnusson and J. Taylor, April 1978.
South-east Coast Drainage Division 
J.R.M. Ot. 1205-6: 2(127.0, 170.5 mm) Cataract River, upstream
of Cataract Dam, J.R. Merrick and S.P. Turvey, 1-7 
November 1977; J.R.M. Ot. 1207, 1209: 2(212.0 , 306.0
mm) Upper Loddon River, J.R. Merrick and S.P. Turvey,
12 November - 3 December 1977; J.R.M. Ot. 1208: 1(278.0
mm) Upper Loddon River, J.R. Merrick and M.A. Rimmer,
9 December 1977.
Maoquaria novemaouleatus 
South-east Coast Drainage Division 
J.R.M. Ot. 1201-03: 3(74.5 - 195.0 mm) Woronora River, N.S.W.,
W. Magnusson and J. Taylor, 5 May 1978.
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Plesiopidae
Pa.ra.pl e si ops b l e ekeri 
South-eastern Australia Province 
AMS Ot. 384: 1(199.0 mm) Off Terrigal, N.S.W., collecto:
unknown, 29 Julv 1974.
Pomatomiaa
Pomatomus saltairix 
South-eastern Australia Province 
AMS I. 19941-022: 4(250.0 - 330.0 mm) Kawkesbury River system
at the Basin in Pittwater, Macquarie University party,
18 August 1974; AMS Ot. 228: 2(sizes unknown) Port Jackson 
at Little Sirius Cove in Mosman Bay, U.E. Friese and 
J.R. Paxton, 13 March 1972.
Gerreidae
Gevves ovatus
South-eastern Australia Province
AMS I. 16223-003: 4(67.0 - 116.0 mm) Port Jackson at Little
Sirius Cove in Mosman Bay, U.E. Friese and J.R. Paxton 13 
March 1972,
Lethrinidae
Lethrinus nebulosus 
South-eastern Australia Province 
AMS I. 20434-001: 1(270.0 mm) Off Curl Curl, N.S.W., collector
unknown, May 1978.
Spar idae
-280-
Aoanthopagrus australis 
South-eastern Australia Province
J.R.M. Ot. 1216-18: 3(193.0 - 217.0 mm) N.S.W. coast, collector
unknown, 18-24 July 1979.
J.R.M. Ot.
Chrysophrys auratus 
South-eastern Australia Province 
1213-15: 3(203.0 - 212.5 mm) N.S.W. coast, collector
unknown, 18-24 July 1979.
J.R.M. Ot.
Rhadbosargus sarba 
South-eastern Australia Province 
1199: 3(49.0 - 73.0 mm) Wallis Lake, N.S.W.,
J.R. Merrick and party, September 1974.
Kypho s idae
Girella triauspidata 
South-eastern Australia Province
J.R.M. Ot. 1193-8: 6(207.0 - 252.0 mm) N.S.W. coast, collector
and date unknown.
Gobiidae
Cryptooentrus oristatus 
South-eastern Australia Province
AMS I. 15914-001: 2(59.0, 86.0 mm) Currarong Creek, Currarong
N.S.W., Macquarie University party, 17-18 October 1970.
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Teraponidae
Individual specimens have been used in all sections 
(sagittal analysis, electrophoresis, morphometries - meristics, 
reproduction) three, two or only one aspect of studies.
Leiopotherapon unioolov 
North-east Coast Drainage Division 
J.R.M. Ot. 1104, 1106, 1153-4: 4(140.0 - 179.5 mm) Burdekin
River at junction with Keelbottom Creek, upstream of 
Charters Towers, J.R. Merrick and S.P. Turvey, 24 May 
1975; J.R.M. Ot. 1054: 1(134.0 mm) Nogoa River above
Fairbairn Dam, S.H. and M.M. Midgley, 21 February 1979; 
J.R.M. Ot. 1055: 1(161.0 mm) Comet River, 15 km down­
stream of Rolleston, S.H. and M.M. Midgley, 5 February 
1979; J.R.M. Ot. 1056: 1(124.0 mm) Dawson River at
Glebe Weir, S.H. and M.M. Midgley, 1 March 1979; J.R.M. 
Ot. 1101: 1(197.0 mm) Tinbeerwah, S.E. Qld., L.C.Green,
January 1976.
Murray-Darling Drainage Division 
J.R.M. Ot. 1006, 1009, J.R.M. 2624-001: 3(60.0-121.0
mm) North-western N.S.W., collector, date unknown;
J.R.M. Ot. 1152: 1(155.5 mm) Dumaresq River, 2.5 km
downstream of Cunningham Weir, J.R. Merrick and S.P. 
Turvey 13-14 September 1975; J.R.M. Ot. 1021, 1023-4 
1092-4, 1097, 1129, 8(56.5-115.0 mm) Leg-of-Mutton Lake, 
2.5 km south of Tottenham, N.S.W., J. Barker and J.R. 
Merrick, 8 September 1974.
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Lake Eyre Drainage Division 
J.R.M. Ot. 1010: 1(157.0 mm) Wilson River at
Nockatunga Waterhole, J. Barker and J.R. Merrick, 13- 
15 November, 1974; AMS I. 15007-001: (85.0, 90.0 mm)
Tank at Mount Wood Homestead, approximately 27 km east 
of Tibooburra, N.S.W., D. Griffin, A. Rose and J. R. 
Paxton, 28 October 1971.
Amniataba caudavittatus 
South-western Australia Province 
J.R.M. Ot. 1057, 1069-70, 1072, 1074: 5(188.0 - 238.0 mm TL)
Swan River, W.A., J. Wallace, 22 August - 11 September
1978; J.R.M. Ot. 1223, 1225-8: 5(61.5 - 110.0 mm)
S war- River at Joel Terrace, W.A. J. Wallace, November
1978; J.R.M. Ot. 1229-33: 5(114 .0 - 136.5 mm)
Serpentine River, south-western W.A., J. Wallace, 8 
August 1979.
Amniataba, perooides 
North-east Coast Drainage Division 
J.R.M. Ot. 1155-58: 4(41.5 - 104.0 mm) Burdekin River near
junction with Keelbottom Creek, upstream of Charters 
Towers, J.R. Merrick and S.P. Turvey, 24 May 197 5; 
J.R.M. Ot. 1057: 2(78.5, 98.5 mm) Don River, S.H.
and M.M. Midgley, 26 February 1979; J.R.M. Ot. 1059: 
3(127.0 - 134.0 mm) Iveragh Creek above Awoonga Dam, 
Boyne River system, S.H. and M.M. Midgley, 20 December 
1978; J.R.M. Ot. 1058: 2(87.0, 94.5 mm) Dawson River
at Glebe Weir, S.H. and M.M. Midgley, 1 March 1979.
Timor Sea Drainage Division 
J.R.M. Ot. 1060 - 63: 4(43.0 - 143.0 mm) Alligator
River, Jabiluka area, W. Ivantsoff, November 1978.
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Pelates quadrilineatus 
Indo - Polynesian Province
AMS Ot. 1049: 4(115.0-120.0 mm) Princess Charlotte Bay,
R. McKay, J.R. Paxton and party, 23 February 1979.
South-eastern Australia Province 
J.R.M. Ot. 1183-4: 2(42.5, 49.5 mm) Careel Bay,
N.S.W., J.R. Merrick and party, September - October 
1974; J.R.M. 11-12: 2(25.0, 30.0 mm) Careel Bay,
Pittwater, N.S.W., G. MacDonald, July 1978; J.R.M.
Ot. 1086, 1088-90: 4(43.0 - 66.0 mm) Sydney area, 
collector unknown, 1978; J.R.M. 1-2, 5-10, 2582,
2615: 10(35.5 - 53.5 mm) Rose Bay, Port Jackson,
N.S.W., D. Blake and party, 17 February 1977.
Pelates sexlineatus 
Indo - Polynesian Province
QM Ot. 1047: 3(115.0 - 120.0 mm) Far North Queensland
(79/98) R. McKay, J.R. Paxton and party, 25 February 
1979.
South-eastern Australia Province 
J.R.M. Ot. 1113: 1(198.0 mm) Noosa Lakes, S.E. Qld.,
G. Cook, November 1978; AMS Ot. 721: 4(57.0 - 80.0
mm) Hawkesbury River estuary at Jerusalam Bay, Macquarie 
University party, 20 August 1974; AMS Ot. 217: 1(80.0 
mm) Port Jackson at Little Sirius Cove in Mosman Bay,
U.E. Friese and J.R. Paxton, 13 March 1972.
- 284-
Gob i idae
AMS Ot. 1190:
Terapon puta
Indo - Polynesian Province 
: 4(98.0 - 115.0 mm) North Queensland Coast (FNQ -
79-1) R. McKay, J.R. Paxton and party, February 1979.
QM. Ot. 1048:
Terapon theraps 
Indo - Polynesian Province 
: 3(150.0 -170.0 mm) Princess Charlotte Bay, R.
McKay, J.R. Paxton and party, 23 February 1979; AMS 
Ot. 1189: 4(133.0 - 195.0 mm) North Queensland coast
(FNQ 79-1), R. McKay, J.R. Paxton and party, February
1979.
Pelsartia humeralis 
South-western Australia Province
J.R.M. Ot. 1189-91: 3(220.5 - 275.0 mm) Eyre Island and Point
James, S.A., B.E. Whitford, 4-11 June 1979.
QM 10.13671:
Mesopristes argenteus 
North-east Coast Drainage Division
: 1(~80.0 mm) Endeavour River at Janssens Crossing,
J. Covacevich, 24 October 1976.
Hephaestus fuliginosus 
North-east Coast Drainage Division 
AMS I. 16138-001: 2(176.0, 185.5 mm) Tully River 8-16 km down­
stream from King Ranch Crossing, N.E. Qld., V. McCristal, 
April-May 1970; J.R.M. Ot. 1133, 1159: 2(262.5, 266.5
mm) Fletcher Creek 30 km upstream of junction with
Burdekin River, J.R. Merrick and S.P. Turvey, May 1975;
- 285-
J.R.M. Ot. 1014 , J.R.M. 1000-001-003: 4 (183.0-200.5 
mm) Burdekin River near Charters 'Towers, E. Ormonde, 
20-24 July 1973; J.R.M. Ot. 1015, 1016, 1126, 1130: 
4(235.0-281.5 mm) Broken River, 15 km downstream of
Eungella Dam, N.E . Qld., S.H . Midgley, 22 November
1974; J.R.M. Ot. 1007, 1102 : 2(215.0, 274.0 mm)
Broken River, S.H . Midgley, date unknown.
Timor Sea Drainage Division 
J.R.M. Ot. 1029-33: 5(129.0 - 238.5 mm) Reynolds
River at Daly River Road crossing, N.T., C. Bosshart, 
17 November 1971; J.R.M. Ot. 1034: 1(288.0 mm) Mary
River, 80 km upstream from coast, N.T., A. Sylvester,
1 November, 1971.
Gulf of Carpentaria Drainage Division 
J.R.M. Ot. 1025-28: 5(145.0 - 275.0 mm) Upper
Gregory River, J.R. Merrick and S.H. Midgley, May 1970
Hephaestus aarbo
Gulf of Carpentaria Drainage Division 
Lectotype - QM I. 2445: 1(126.0 mm) upper Gregory
River, N.W. Qld., T.L. Bancroft, before 1916; 
Paralectotype - QM I. 2446: 1(152.0 mm) upper Gregory
River, N.W. Old., T.L. Bancroft, before 1916.
Additional specimens - AMS I. 15788-003: 1(145.0 mm)
Goyder River at Arufuru Swamp, Arnhem Land, N.T.,
N. Petersen, May 1970; AMS I. 16115-001: 1(163.5 mm)
Lawn Hill Creek, N.W. Qld., J.S. Lake and S.H. Midgley 
October, 1967; AMS I. 16118-004: 10(111.0-168.0 mm)
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Gregory River, 12.8 km upstream from Riversleigh 
Crossing, N.W. Qld., J.R. Merrick and S.H. Midgley,
May 1970; AMS I. 16120-001: 1(135.5 mm) Gregory
River, 4.8 km upstream from Riversleigh Crossing,
N.W. Qld., J.R. Merrick and S.H. Midgley, May 1970;
AMS I. 16122 - 001: 2(148.0, 166.5 mm) Gregory
River upstream of Riversleigh Crossing, N.W. Qld.,
J.S. Lake and S.H. Midgley, September 1969; J.R.M.
Ot. 1178: 1(93.0 mm) Jardine River, 1.5 km downstream
of road crossing, G.R. Allen, 21 September 1978; J.R.M. 
Ot. 1212: 1(90.0 mm) Creek near Jardine River, Cape
York, D. Hoese and party, 29 August 1979; QM I. 10414 
6(85.0-143.0 mm) Rifle Creek, Weatherley Station, Mt. 
Molloy area, Nth. Qld., S.H. Midgley, 8 April, 1974; 
J.R.M. 70000-001-003, J.R.M. Ot.llOO: 4(107.0-159.5 
mm) Rifle Creek, 3-4 km upstream of junction with 
Mitchell River, S.H. Midgley, 30 November - 1 December 
1975.
Hephaestus suavis
Gulf of Carpentaria Drainage Division 
Holotype - AMS IB. 1982: 1(63.0 mm), Coen River
District, Cape York, north Queensland, J. Woofe, date 
unknown.
Bidyanus bidyanus
South-east Coast Drainage Division 
J.R.M. Ot. 1041: 1 (352.5 mm) Cataract River, 0.5 km
upstream of Cataract Dam, J.R. Merrick and S.P. Turvey, 
November, 1977.
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Murray-Darling Drainage Division 
J.R.M. Ot. 1140-51: 12(172.5 - 348.0 mm) Dumaresq
River, 2.5 km downstream of Cunningham Weir, J.R.
Merrick and S.P. Turvey, 13-14 September 1975; J.R.M.
Ot.1045-46: 2(346.0, 349.0 mm) Burrinjuck Dam, K. Boch
and party, 17-18 December 1975; J.R.M. Ot. 1043-44: 
2(364.5, 381.0 mm) Murrumbidgee River, Narrandera,
N.S.W., J.R. Merrick, August 1974; J.R.M. Ot. 1098-9: 
2(152.5, 159.5 mm) Gillenbah Lagoon, south of Narrandera 
N.S.W., J.R. Merrick, S.P. Turvey and party, October 
1975; J.R.M. Ot. 1103: 1(153.0 mm) Narrandera
Research Station, station staff, December 1975; J.R.M. 
B.B. 2572-73, 2576, 2578, 2581, 2585-87, 2590, 2617,
2619, 2621, 2624-26, 2753: 16(140.0-205.0 mm) Lipscombe
farm dam 8.0 km south-west of Narrandera N.S.W., Inland 
Fisheries Research Station staff, 22 February 1977.
Bidyanus welohi 
Lake Eyre Drainage Division
J.R.M. Ot. 1038-40, 1117-25, 1137-39: 15(129.5-207.0 mm)
Wilson River at Nockatunga Waterhole, S.W. Qld., J. Barker 
and J.R. Merrick, 13-15 November 1974; AMS I. 16003-015: 
4(100.0 - 250.0 mm), Cooper Creek at Howitt's Depot,
11.2 km east of Innamincka, South Australia, J.R. Paxton, 
24-26 October 1971.
Scortum hillii
North-east Coast Drainage Division 
S.H.M. 100011: 1(251.0 mm) Comet River, 15 km north
of Rolleston, M.M. and S.H. Midgley, 5 February 1979;
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S. H.M. 50001-001-004: 4(32.0-45.0 mm) Mackenzie River
at junction with Leura Creek, S.H. Midgley, 13 August 
1971; QM I. 2515: 1(199.0 mm) upper Dawson River,
T. J. Bancroft, before 26 October 1915; J.R.M. 2628-
001, J.R.M. Ot. 1091, J.R.M. 30000-029: 3(175.0-284.0
mm) Dawson River, 5.0 km downstream of Taroom, E.Qld.,
J.R. Merrick and S.P. Turvey, 24 June 1976; AMS IA.
6251: 1(233.0 mm) Dawson River E.Qld., G.D. Witham
before June 1879; QM I. 8339: 1(161.0 mm) Dawson
River, S.H. Midgley, date unknown; QM I. 8369: 1(274.5 
mm) Dawson River at Bindi Weir, S.H. Midgley, February 
1965; AMS. I. 17995-006: 1(210.0 mm) Dawson River 
upstream of Orange Weir, E.Qld., J.S. Lake, March 1967;
AMS I. 18013-001: 3(235.0-251.5 mm) Dawson River, E.
Qld., J.S. Lake, 17 October 1968; J.R.M. Ot. 1110-12: 
3(240.0-280.0 mm) Dawson River, S.H. Midgley, November 
1978; S.H.M. 100010: 1(141.5 mm) Dawson River at 
Delusion Crossing, M.M. and S.H. Midgley, 28 February 
1979; QM. I. 4505: 1(312.0 mm) Dawson River, P. Knudsen,
date unknown; S.H.M. 100012-13: 2(255.0, 296.0 mm)
Fitzroy River, 43 km N.W. of Rockhampton, Qld. M. M. and 
S.H. Midgley, 20 April, 1979;
Scortum parviceps
North-east Coast Drainage Division 
Holotype - AMS IA. 17847: 1(173.5 mm) Burdekin River,
N.E. Qld., A. Morton, August, 1883. Paratype - AMS IA. 
17851: 1(169.5 mm) Burdekin River, N.E. Qld., A. Morton,
August 1883. AMS I. 17968-009: 1(274.0 mm) Burdekin 
River, N.E. Qld., J.S. Lake, 30 May 1969. AMS IA. 13708: 
1(165.0 mm) Burdekin River, 420 km inland, N.E. Qld.
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A. Morton, 1883; AMS IA. 17843-9 , 17853-4 , 17856: 5 
(80.5-96.0 mm) Surdekin River, N.E. Qld., A. Morton, 
August 1883; AMS IA. 5949: 1(177.0 mm) Burdekin River, 
N.E. Qld. collector and date unknown; J.R.M. 50000-001,
Ot. 1116: 3(286.5-291.0 mm) Upper Burdekin River on 
Wyroonga Station, M.R. MacKinnon and party, 14 October 
1977; J.R.M. Ot. 1095-6, 1108-9, 1128, 1131-2: 7(137.0-
219.5 mm) Fletcher Creek, 30 km upstream of junction 
with Burdekin River, J.R. Merrick and S.P. Turvey, May 
1975; J.R.M. Ot. 1107, 1160-62: 4(131.0-221.5 mm)
Burdekin River near junction with Keelbottom Creek up­
stream of Charters Towers, J.R. Merrick and S.P. Turvey, 
May 1975; J.R.M. Ot. 1000-01: 2(180.0, 189.0 mm)
Burdekin River near Charters Towers, E. Ormonde, 6 
July 1978.
Soortum barcoo 
Lake Eyre Drainage Division 
QM I. 9044: 1(269.5 mm) Georgina River at Katherine 
Lakes, S.H. Midgley, 3 September 1966; QM I. 9123: 
1(187.5 mm) Georgina River, S.H. Midgley, 4 June 1967; 
J.R.M. 30000-027: 1(157.0 mm) Georgina River at 
Parapiturie, W. Qld., J.S. Lake and S.H. Midgley,
August 1968; AMS I. 17965-002: 1(158.0 mm) Georgina
River, Queensland, J.S. Lake, August 1969; J.R.M. 
30000-021: 1(254.0 mm) Georgina River at Marion Downs,
W.Qld., J.R. Merrick and S.H. Midgley, August 1970;
SAME. 4126: 1(181.5 mm) Darr River, west of
Longreach, Qld., C.J.M. Glover and T. Sim, 22 June 1971; 
J.R.M. 30000-026: 1(159.0 mm) Wilson River at
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Nockatunga Waterhole, S.W. Qld., C.M. MacDonald,
31 May 1974; J.R.M. 30000-020, 30000-022-025, Ot. 
1005, 1115, 1127, 1134, 1167-76:- 20 (165.0-228.5 mm)
Wilson River at Nockatunga Waterhole, S.W. Qld.,
J. Barker and J.R. Merrick, 13-15 November 1974; QM
I. 13673: 1(156.0 mm) Muncoonie Waterhole at
Muncoonie Lakes, N.W. of Birdsville, R.J. McKay, 13- 
14 November 1976.
Soortum ogilbyi
Gulf of Carpentaria Drainage Division
S. H.M. 50005: 1(249.5 mm) Toogangini Creek, 10.0 km
upstream of junction with McArthur River N.T., S.H. 
Midgley, 17 July 1975; QM I. 14318: 1(261.0 mm)
Gregory River on Riversleigh Station, M. Archer,
October 1977; QM I. 12748: 1(113.0 mm) Flinders
River, Maxwelton area, S.H. Midgley, 13 October 1974;
QM I. 11920, 12350: 2(90.0, 105.5 mm) Walker's Creek
at Norman River, T.C. Marshall, before September 1953; 
AMS I. 17942-008: 1(95.0 mm) Saxby River, N.W. Qld.,
J. S. Lake, 29 September 1967; QM I. 11818, 12033: 
2(92.0, 271.0 mm) Gilbert River on Forest Home Station,
T. C. Marshall, before September 1953; QM I. 12223:
1(87.0 mm) Mitchell River near Mareeba, E.J. Manley, 
before June 1954; QM I. 11989: 1(126.5 mm) Mitchell
River near Mareeba, N. Haysom, before September 1959;
QM I. 12912: 1(224.5 mm) Rifle Creek near Mt. Molloy,
Mrs. Little, 1974 AMS I. 17963-001: 7(77.0 - 105.5
mm) Gilbert River at Post Office, N.W. Qld., J.S. Lake, 
May 1970.
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Pinaalla to rent 2i
Gulf of Carpentaria Drainage Division 
J.'R.M. Ot. 1179: 1(99.5 mm) Jardine River, 1.5 km downstream
of road crossing, G.R. Allen, 21 September 1978; J.R.M.
Ot. 12 21-2: 2(68.0, 83.5 mm) Creek near Jardine River,
Cape York, D. Hoese and party, 29 August 1979.
Pingalla gilberti 
Timor Sea Drainage Division
J. R.M. Ot. 1080-85, 1185-88: 10(58.0-92.5 mm) Sawcut Creek,
South Alligator River System N.T., S.H. and M.M.
Midgley, 30 March 1979.
Synoomzstes butleri 
Timor Sea Drainage Division
J..R.M. Ot. 1163-66: 4(150.0-276.0 mm) Ord River downstream
of Ivanhoe Crossing, M.M. Walker and party, 11 January
1975; J.R.M. Ot. 1075-78: 4(110.5-194.5 mm) Sawcut
Creek, Sth Alligator River System, N.T., S.H. and M.M.
%
Midgley 22-30 March 1979; J.R.M. Ot. 1052-53: 2(215.0,
216.5 mm) Magela Creek at Mudginberri Lagoon, S.H.Midgley,
7 December 1978.
